1  couldn't  really  read  their  expressions.  I  took  off  the  glasses 
when  it  was  time  for  dinner,  and  when  I  was  carrying  my  dishes 
my  head  felt  funny  for  a  moment  or  two  and  I  felt  dizzy  as  if 
I  were  seasick.  But  after  four  or  five  minutes,  I  soon  recovered," 
he  said. 

The  Day's  Impressions: 

The  degree  of  fatigue  lessened  compared  to  Day  I.  As  for 
watching  T.V. ,  it  was  interesting,  but  still  I  soon  got  tired. 

People  and  plants  didn't  look  like  they  were  alive,  seemed  unreal, 
and  looked  flat  and  unchanging.  But  music  that  I  listened  to  on 
a  tape  recorder  sounded  more  lively  than  usual. 

1 

M.T. :  'Today,  the  feelings  of  strangeness  were  somewhat  decreased! 
compared  to  Day  I.  However,  when  I  looked  at  people  or  physical 
objects,  I  could  make  out  the  shape  but  I  could  not  make  smaller 
distinctions  such  as  whether  they  were  hard  or  soft.  In  addition, 

I  could  not  make  out  the  small  changes  in  people's  expressions 
at  all.  It  wasn't  an  extraordinary  physical  obstacle,  but  when 
I  took  off  the  glasses  to  eat,  my  head  shook  up  and  down  and  felt 
heavy  for  awhile  and  I  felt  dizzy.  After  about  ten  minutes  I 
put  the  glasses  back  on  and  the"  feelings  went  away,"  he  said. 

The  Day's  Impressions: 

Sight  works  for  the  body  to  prepare  it  for  making  ordinary 
movements,  doesn't  it?  Also,  when  not  using  these  glasses,  sight 
has  a  preparatory  function  and  also  works  to  decrease  stress  in 
dealing  with  physical  objects.  When  wearing  the  prism  glasses, 
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not  only  do  you  not  receive  the  necessary  information,  but 


stress  from  the  outside  world  increases,  doesn't  it?" 

(3)  Day  3 

The  subjects  became  more  active  and  didn't  lie  down  in  the 
ward;  they  strolled  frequently  about  the  hospital.  1^iey  said, 

"I'm  getting  used  to  an  upside  down  world,"  and  "I  have  become 

comparatively  able  to  handle  ray  personal  property  and  so  forth 
that  is  in  the  room."  Because  they  also  said,  "I  can  decipher 
my  medical  textbooks  a  little,"  we  administered  a  transcription 
test  with  short  and  long  sentences.  It  took  them  quite  a  bit 
of  time,  but  it  was  possible  for  them  to  do  it.  The  instability 
in  the  visual  field  decreased  quite  a  bit,  but  one  subject 
stated,  "When  I'm  talking  with  a  friend,  it's  like  seeing  the 
friend  on  video  and  talking  to  him  or  her  on  the  phone;  things 
still  don't  seem  real." 

II 

E.U.:  I  have  gradually  become  used  to  the  upside  down  world. 

Even  when  I  did  the  various  tests,  I  wasn't  very  tense.  I  had 
the  will  to  try  and  do  them.  But  I  felt  estranged  from  the  out¬ 
side  world.  I  began  to  feel  like  talking  with  the  other  patients 
in  the  ward,  but  the  feeling  of  strangeness  that  friends  and  the 
other  patients  were  in  another  world  continued.  When  I  removed 
the  glasses  at  dinner  time,  I  began  to  feel  quite  dizzy.  This 
continued  for  about  ten  minutes  and  was  especially  obvious  when 
I  nodded  my  head  up  and  down.  It  went  away  when  I  put  the  glasses 
back  on.  The  world  is  all  standing  upside  down,  but  it's 
gotten  so  that  it  doesn't  really  bother  me." 
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The  Day's  Impressions: 

"Concerning  human  beings’  superiority  to  animals,  humans 
are  quicker  to  adapt  to  a  changing  environment,  and  they  adapt 
well." 

M.T. :  "Today  I  could  read  even  the  fine  print  in  the  news¬ 
paper.  I  made  quite  a  bit  of  progress  in  walking.  However, 
it  is  confusing  when  I  enter  a  place  where  there  are  many  people. 
The  reason  is  perhaps  that  I  still  can't  judge  distances  very 
well.  Things  and  people  that  are  close  seem  large  and  ones 
that  are  in  the  distance  seem  small.  The  world, after  all, is 
upside  down,  and  1  still  don't  see  things  correctly."  But  he 
stated  that  he  is  not  strongly  conscious  of  the  obstacle  to  his 
vision. 

The  Day's  Impressions: 

"I  took  a  test  of  what  is  left  and  right  in  a  picture.  After 
the  test  when  I  asked  the  other  patients,  I  found  out  that  we 
had  guessed  left  and  right  incorrectly.  The  world  still  lacks 
a  feeling  of  reality  and  I  feel  dizzy  when  I  remove  the  glasses." 
( 4 )  Day  4 

Both  of  the  subjects  began  to  say,  "We  feel  that  the  rhythm 
of  our  lives  has  returned  to  what  it  was  like  before  we  put  on 
the  glasses."  They  became  more  active  than  on  the  previous 
day  and  went  out  to  the  classroom  and  the  laboratory  and  were 
able  to  read  their  medical  texts.  They  began  to  say  such  things 
as,  "I  still  feel  that  the  outisde  world  lacks  reality.  But  I 
have  been  able  to  rely  on  mv  vision  while  moving." 
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E.U.:  "I  feel  that  we  have  passed  the  peak  of  this  thing. 
Yesterday  there  were  many  times  when  vision  with  the  glasses 
was  a  hinderance  to  action,  but  today  I  find  that  I  am  not 
particularly  conscious  of  that.  The  world  is  still  upside 
dovm  but  I  realize  that  I  don't  particularly  notice  that  it 
is  upside  down.  I  still  don't  feel  that  things  are  alive. 

But  when  I  look  at  something  and  think  that  I'll  pick  it  up, 

I'm  able  to  go  right  to  the  place  where  it  is." 

The  Day's  Impressions:  "The  world  is  still  upside  down.  But 
compared  to  Day  3,  I  was  able  to  observe  more  small  details. 

I  was  able  to  grasp  the  door  knob  quickly,  but  handling  things 
like  putting  tooth  paste  on  a  tooth  brush  were  still  difficult. 

I  still  can't  compensate  very  well  visually  for  those  aberrations 
caused  by  wearing  the  glasses." 

M.T.:  "I  became  able  to  accomplish  all  physical  activities 
better  than  yesterday.  When  other  people  began  to  talk  to  me, 
it  became  natural  for  me  to  turn  my  whole  head  in  that  person's 
direction  because  my  field  of  vision  was  narrow.  Usually,  when 
talking  with  someone  or  when  following  a  person  with  one's  eyes, 
you  just  keep  them  in  your  line  of  sight  by  moving  your  eyes. 

But  when  you  put  on  these  glasses,  the  visual  field  is  narrow, 
so  soon  the  person  will  disappear  from  sight.  Sometimes  I  don't 
move  ray  head,  or  I  turn  my  head  too  far,  or  move  it  excessively, 
and  the  field  of  vision  shakes.  But  today  I'm  able  to  do  that 
kind  of  thing  naturally.  I  learned  to  turn  together  with  the 
movement  of  my  objective  to  get  it  in  my  field  of  vision. 
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Experimental  Study  of  Inverted  Visual  Field  by  Inverting  Prisms 
by  Hideaki  Ninomiya,  Masahiro  Fujihara,  Terutika  Ikeda  . 

Visuo-Motor  Adaptation  and  Change  of  Subjective  Sense  During 
Inverted  Vision,  by  Hideaki  Ninomiya,  Masahiro  Fujiwara, 
Terutika  Ikeda  . . . 


The  outside  world  wes  Inverted  end  I  didn't  see  It  upright , 
but  1  could  see  scenes  end  chenges  In  people's  expressions 
In  deteil.  But  It  wes  like  seeing  the  world  through  e  thick 
gless  door,  end  when  I  looked  et  e  person  It  wes  like  seeing 
then  reflected  In  e  mirror.  The  feeling  of  dizziness  when  I 
removed  the  glesses  wes  greduelly  getting  stronger. 

The  Dey's  Impressions: 

"I  think  thet  we  pessed  the  dey  comfortably  without  tension. 

We  were  eble  to  finish  such  ectlvities  as  transcribing  sentences 
fairly  quickly." 

(5)  Dey  5 

"We  were  confused  by  activities  that  required  careful 
thought,  but  for  exercise  or  walking,  they  were  close  to 
our  normal  state  without  wearing  glasses.  But  the  world  was 
ell  inverted  end  we  couldn't  see  anything  correctly.  But  around 
noon,  when  walking  down  a  hallway  that  looked  symmetrical, 
when  I  looked  up  at  the  ceiling  I  thought  for 
an  Instant  thet  I  wes  seeing  things  right  side  up.  But  when  I 
looked  carefully,  it  was  still  reversed  after  all.  Perception 
of  distances  still  had  not  completely  returned  to  normal. 

I  thought  that  people  and  scenes  looked  as  though  reflected  in  a 
mirror  and  seemed  unreal,"  one  of  the  subjects  stated.  One  of 
the  researchers  asked,  "Row  would  it  be  if  you  wore  the  glasses 
for  twenty  years?"  "If  the  field  of  vision  were  wider,  I  don't 
think  it  would  seem  inconvenient,"  they  answered. 
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E.U.:  "I  think  that  I've  pretty  much  become  accustomed  to 


the  inverted  world.  But  things  that  should  fall  according 
to  the  natural  laws  of  gravity  accelerate  and  rise  Instead. 

And  I  feel  uneasy  about  things  like  tabacco  smoke  "rising" 
downwards . " 

The  Day's  Impressions: 

"The  times  when  I  am  able  to  move  without  being  conscious 
that  I  am  wearing  the  glasses  are  gradually  Increasing." 

M.T.:  "The  outside  world  was  all  inverted,  but  I  didn't 
feel  that  there  were  really  any  obstacles  to  movement. 

Perhaps  this  shows  that  it  doesn't  really  matter  if  things  are 
seen  upside  down.  If  the  concepts  that  I  create  in  my  own 
mind  about  the  outside  world  are  not  contradicted  by  other 
people,  then  I  think  that  whether  the  image  is  right  side  up 
or  upside  down  is  not  significant." 

The  Day's  Impressions: 

"There  was  no  obstacle  to  normal  activity.  Just  when  I  made 
precise  movements  my  vision  was  a  hinderance.  Also,  the  dizzi¬ 
ness  when  I  take  off  the  glasses  seems  to  be  increasing." 

( 6 )  Day  6 

Except  that  they  were  using  the  glasses,  the  subjects' 
activities  were  for  the  most  part  close  to  normal.  "In  the 
morning  I  did  calisthenics  to  the  radio  with  the  other  patients 
and  in  the  afternoon  played  ping  pong.  But  because  the  ball 
moves  quickly,  it  would  soon  go  out  of  my  field  of  vision. 

When  I  swung  the  paddle,  I  often  swung  above  the  ball  and  missed. 
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EXPERIMENTAL  STUDY  OF  INVERTED  VISUAL 
FIELD  BY  INVERTING  PRISMS 

by 


Hideaki  Ninomiya,  Masahiro  Fujihara, 
Terutika  Ikeda 


If  I  could  rally  two  or  three  times,  usually  that  was  the  best 
I  could  do.  After  all,  the  world  is  upside  down,  and  I  was  not 
able  to  see  things  correctly." 

E.U.:  "I  could  move  more  skillfully' than  yesterday.  From 
the  six  days'  experiences,  maybe  I  can  suggest  that  "seeing 
correctly"  means  a  situation  in  which  one' can  move  skillfully 
and  naturally  without  being  aware  that  things  are  upside  down. 

When  doing  something  like  eating  with  the  glasses  off,  there 
is  a  feeling  of  dizziness  and  the  world  doesn't  seem  real.  But 
this  feeling  of  unreality  is  lessening  every  day.  The  oscilla¬ 
tion  in  the  visual  field  has  also  decreased." 

The  Day's  Impressions: 

"I  still  can't  really  tell  distances  or  if  things  are  solid 
or  not.  Even  if  I  get  used  to  the  world  upside  down,  I  think 
that  to  be  able  to  grasp  these  differences  correctly  will  come 
very  slowly." 

M.T. :  "Today  even  though  there  were  tests,  they  were  not 
difficult.  When  transcribing  sentences,  I  was  able  to  write 
in  my  usual  style.  The  world  was  upside  down  but  this  was  not 
troublesome." 

The  Day's  Impressions: 

"I  became  able  to  live  looking  at  the  world  upside  down  with¬ 
out  being  conscious  of  it.  But  when  I  was  asked  if  I  saw  things 
right  side  up,  I  had  to  answer,  'The  image  is  upside  down.' 

When  I  did  something  like  scoop  up  ice  from  a  plate  with  a  spoon 
I  was  hampered  by  my  vision.  If  I  were  to  go  into  a  place  where 


Introduction 


Stratton  (1896,1897)^^^  conducted  research  on  the 

thesis  that  in  order  to  see  the  outside  world  correctly, 

inversion  of  the  retina  image  is  necessary.  His  work  was 

followed  by  many  other  studies.1 S»3>«8>»)1°)U)1«)19)  in  tiits 

research,  when  inversing  prisms  are  used,  after  several  days 

the  inverted  visual  field  is  sporadic  and,  following  the  "all- 

or-none  law",  vision  generally  perceives  objects  correctly 

(upright).  There  are  two  opposing  theories:  the  theory  that 

10)13)21)22) 

this  change  in  visual  perception  occurs,  and  new 

visuo-motor  studies  that  show  that  there  is  adaptation  to  the 
stimulus  from  the  outside  world  but  not  a  change  in  perception. 
3)5)6)17)23)  There  is  not  yet  agreement  on  this  subject. 

Concerning  the  changes  that  occurred  in  the  cases  where  inverting 
prisms  were  used,  the  authors  simultaneously  observed  the  subjects' 
behavior,  recorded  experimental  change,  and  did  various  tests 
such  as  activity  tests,  psychological  tests,  and  polygraph  tests. 

In  this  report,  first  we  will  focus  on  the  subjects'  behavioral 
changes  and  compare  the  results  with  previous  experiments. 
Objectives  and  Methods 
1.  Subjects 

The  subjects  were  two  healthy  students  at  the  Miyazaki 
Medical  College.  These  subjects  had  an  interest  in  the 

experiment  and  participated  eagerly;  they  were  paid. 
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there  was  a  complicated  arrangement  of  chairs,  I  suppose  I 
would  be  confused." 

( 7 )  Day  7 

The  subjects  said  that  for  the  most  part  they  are  accustomed 
to  the  upside  down  world.  They  can  read  and  write  characters 
and  they  can  smoke  cigarettes.  "Uhen  I  think  of  someplace 
that  I  want  to  go  to,  I  can  generally  get  there  without  a 
hitch."  They  were  told  to  ride  a  bicycle,  and  both  subjects 
went  back  and  forth  several  times  over  a  50  meter  course, 
successfully  made  the  U-turn,  and  were  able  to  return  to  the 
starting  point.  They  managed  it  skillfully. 

E.U.:  "There  were  various  tests,  but  none  of  them  were 
difficult.  The  world  remained  upside  down  and  it  was  like 
seeing  through  a  thin,  transparent  membrane.  The  dizziness 
when  we  had  taken  off  the  glasses  today  was  a  great  deal  stronger. 
Distance  perception  was  a  little  better,  but  oscillation  in 
the  visual  field  continued  somewhat." 

The  Day’s  Impressions: 

"I  have  become  nearly  completely  accustomed  to  the  upside 
down  world.  I  feel  able  to  relax." 

M.T.:  "Day  7  was  the  final  day  of  the  experiment.  3ut, 
after  all,  everything  looked  upside  down.  If  we  had  to  live 
with  this  state  of  affairs,  I  have  come  to  believe  that  it  would 
be  possible." 

The  Day's  Impressions: 
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Subject  1:  E.U.,  age  23,  male.  His  body  type  is  a  combina¬ 
tion  of  the  mesomorphic  and  endomorphic  types  and  his  I.Q. 

(WAIS)  is  129.  He  is  nearsighted  in  both  eyes  (0.1  corrected 
to  1.2).  He  is  left-handed  and  when  he  was  a  child  between 
the  ages  of  four  and  six  he  was  forced  to  write  and  use  chopsticks 
with  his  right  hand.  Now  he  writes  with  the  right  hand,  but 
uses  his  left  hand  to  do  such  things  as  cut  paper  or  draw  a 

1 

line.  In  personality,  he  is  sincere  and  quiet.  ] 

j 

Subject  2:  M.T.,  age  23,  male.  Mesomorphic  body  type.  I.Q. 

(WAIS)  134.  Nearsighted,  right  eye  0.5  (corrected  to  1.2), 
left  eye  0.4  (corrected  to  1.2).  In  personality,  quiet  and  steady,  j 

He  is  right-handed.  ; 

J 

2.  Research  Procedure  I 

This  experiment  was  mainly  conducted  in  a  ward  of  the  psycho¬ 
logy  department  of  the  hospital  connected  with  the  Miyazaki 
University  Medical  School.  The  subjects  entered  the  hospital 
the  day  before  they  began  wearing  the  inversing  prisms,  and 
psychological  tests,  polygraph  tests,  and  so  forth  were  conducted. 
They  went  to  bed  at  nine  o'clock  that  evening  and  they  put  on 

V 

the  inversing  prism  glasses  when  they  got  up  at  seven  the  next 
morning . 

The  times  when  they  did  not  wear  the  glasses  were  (1)  while 

sleeping,  (2)  for  20  minutes  while  bathing,  (3)  for  30  minutes 

before  and  after  meals,  and  (4)  for  12  minutes  while  taking 

the  polygraph  test.  In  the  ward,  they  passed  the  time  in  the 

same  manner  as  the  other  patients.  The  experiment  was  carried 
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"I  was  able  to  handle  the  various  tests  comfortably. 

The  world  still  doesn't  seem  alive;  It  seems  unreal.  There 
Is  also  oscillation  In  the  visual  field,  today  dizziness  Is 

stronger,  and  It  stops  when  I  put  the  glasses  on." 

Considerations 

Concerning  distortion  of  vision,  adaptation,  and  the  after¬ 
image  effect,  according  to  experiments  by  Helmholz  and  others^ * 
distortion  of  vision  caused  by  using  a  prism  Is  known  to  decrease 

within  a  comparatively  short  period  of  time.  Based  on  this  study, 
21)22) 

Stratton  found  that  the  world  Is  seen  right  side  up  In 

spite  of  the  fact  that  the  Image  on  the  retina  Is  upside  down. 

And,  wearing  the  prism  glasses,  the  world  Is  reversed  and  the 
Image  on  the  retina  Is  actually  right  side  up.  The  result  of 
wearing  the  prisms  Is  first  that  the  world  Is  seen  upside  down 
and  vision  predominance  disappears.  The  person  begins  to  rely 
on  the  evidence  of  the  other  senses,  that  is,  hearing  and  touch, 
and  proprioceptive  sensation  becomes  predominant.  The  senses 
are  In  disorder,  and  the  subjects  are  confused.  From  the  second 
day  of  Stratton's  experiment,  the  world  looked  right  side  up  and, 
following  the  all-or-none  law,  what  had  been  seen  upside  down 
until  then  was  intertnittently  seen  correctly.  Both  the  frequency 
and  the  duration  increased;  there  was  no  time  when  they  saw  the 
Image  both  ways. 

This  kind  of  right  side  up  vision  increased  with  the  passage 
of  time  during  the  experiment.  The  feeling  that  the  world  was 

/262 


20 


out  as  shown  in  Table  I.  Every  evening  from  six  p.m.,  one 
of  the  authors  listened  to  the  subjects'  accounts  of  their 
experiences  and  activities  during  the  day.  Also,  the  subjects 
were  instructed  to  write  down  each  day's  experiences  on  cards 
every  night  before  sleeping. 

The  special  glasses  used  in  this  experiment  are  called 
inversing  prisms  and  are  made  by  Takeikiki  Kogyo,  Inc. 

Two  total  reflection  prisms  that  are  4  cm  in  length  are  attached 
to  a  metal  frame  with  a  2cm  space  between  them,  this  weighs 
340  gm.  The  glasses  are  fastened  to  the  head  with  an  elastic 
band.  The  visual  field  for  both  eyes  is  40°  in  the  horizontal 
direction  and  27°  vertical  and  45°  on  a  diagonal  line,  the 
transparency  is  75%.  The  visual  field  ig  reversed  180°  and  left 
and  right  are  not  reversed  (Figure  I).  The  size  of  the  image 
that  can  be  seen  is  about  the  same  as  without  the  glasses.  Also, 
when  gazing  steadily  to  the  front,  the  line  of  vision  drops  a 
little,  and  when  looking  directly  at  the  horizon,  the  wearer 
has  to  drop  his  face  a  little  bit. 

2 

The  two  subjects'  beds  were  placed  in  a  room  (13.16  m  floor 
area)  that  was  close  to  the  nurses  station.  The  subjects  were 
allowed  to  read  the  magazines  that  they  normally  read  and  also 
to  bring  a  tape  recorder  and  listen  to  music. 

In  this  experiment  it  was  easy  to  observe  the  subjects  who 
were  admitted  to  the  hospital.  We  were  also  concerned  that, 
except  for  wearing  the  glasses,  the  subjects  could  pretty  much 
lead  a  normal  life. 


-4- 
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strange  and  unusual  began  to  disappear  and  it  was  reported 
that  the  subjects  became  able  to  do  activities  that  required 
dexterity  such  as  riding  a  bike. 

On  the  other  hand,  there  is  another  theory  about  these 
results  that  there  was  no  complete  return  to  normal  vision 
but  that  the  subjects  adapted  over  a  period  of  time  by  relying 
on  stimuli  from  the  outside  world  and  thus  gradually  became 
adjusted.  As  yet,  there  is  no  agreed  upon  interpretation. 

In  the  literature,  the  research  done  with  inversing  prisms 
by  Stratton  17)22)23)  an<js  in  our  own  country,  Makino*^ 
is  of  value  as  pioneering  research  in  the  field.  But  these 
studies  were  characterized  by  the  fact  that  the  researcher  was 
either  the  subject  in  the  experiment  or  was  one  of  the  subjects. 

Also,  the  experimental  results  were  limited  to  their  records 
of  their  impressions.  As  for  their  research  methods,  first,  the 
person  who  wrote  the  study  is  the  one  who  wore  the  glasses  and 
experienced  the  reality  of  the  inverted  world  for  a  long  period 
of  time.  There  were  advantages  to  this  in  that  it  was  easy 
for  the  researcher  who  wore  the  glasses  himself  to  understand 
the  other  subjects'  reports  of  their  experiences.  However,  this 
makes  it  all  the  more  a  subjective  experience  of  the  researcher's 
and  there  is  a  danger  that  the  researcher  will  misinterpret  the 
reports  of  other  subjects.  There  is  also  a  possibility  that 
small  points  such  as  differences  in  adaptation  to  the  inverted 
visual  field  that  originate  in  differences  in  individual  experiences 
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Table  I:  Subjects'  Dally  Schedule 
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day  one 
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SEKk* 
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polygraph 
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polygraph 

dtmr(S:30) 

»• 

•1 

II 

•1 

II 

•• 

•I 

write 
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•1 
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•I 

M 

II 

•1 
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It 

♦1 

« 

ft 

M 

end  of  eptrlnr 
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Vila  eenarfeeer  with  limning  prlaa  glasses 
Ob  thren  23  we  did  several  testa  with  the  daw 


conducted  free  Kwh  26,1980  to  Wednesday,  April  2. 

>  device  shown  in  figure  1  that  restricts  the  field  at  vision 
as  ash  as  the  limited  pries  glasses  would.  The  subjects  then  wore  the  liwsrslng  pries  glasses  free 
7s. e.  March  26  to  8p.au  April  2,  tests  were  conducted  as  shown  In  the  chart.  Whan  the  dejecta  were 
not  taking  teats  we  cold  thee  to  do  things  like  vetch  t.v. ,  walk,  road,  etc.  The  glsasas  warn  put  on 
whan  the  objects  got  19  and  taken  off  whan  they  want  to  bad.  They  ware  also  taken  off  for  easls,  baths, 
and  to  take  staas  of  Che  o 


5 


and  personality  may  be  overlooked. 

Furthermore,  if  the  subjects  are  of  different  ages,  differences 
in  adapting  to  the  inverted  visual  field  also  can  be  expected. 

In  the  research  mentioned  above,  there  are  doubts  about  whether 
or  not  the  important  part  of  adaptation  to  the  inverted  visual 
field  was  correctly  interpreted  or  not.  Concerning  this  point, 
one  of  the  authors  plans  to  publish  a  separate  study  based  on  the 
results  of  the  various  psychological  tests. ^ 

In  view  of  the  above  points,  the  authors  decided  to  use  the 
research  methods  that  they  did  in  this  study.  That  is,  the 
subjects  and  the  researchers  were  not  the  same  persons,  the 
subjects  were  admitted  to  a  ward  of  the  hospital  and  wore  the 
glasses  there  so  that  they  could  be  easily  observed,  and,  in  this 
way,  information  was  obtained  by  both  observation  and  report. 

The  results  obtained  by  the  authors  are  very  different  from 
those  reported  by  Stratton  and  Makino.  For  example,  according 
to  Stratton's  research,  adaptation  to  the  inverted  visual  field 
was  comparatively  fast.  His  subjects  even  saw  the  visual  field 
right  side  up  on  the  first  day  of  his  experiment.  But  ordinarily 
the  visual  field  was  inverted  and  disturbed.  On  Day  2,  they 
became  able  to  see  themselves  right  side  up.  Moreover,  on  Day  3, 
the  disturbance  in  the  visual  field  decreased  and  they  became 
aware  of  movement  of  their  own  bodies  not  just  when  it  could  be 
seen  in  the  visual  field.  On  Day  4,  they  saw  the  visual  field 
correctly  more  often,  especially  when  they  were  moving  they  felt 


that  things  were  right  side  up  and  realistic.  On  Day  8,  it 
was  reported  that  there  was  agreement  between  vision  and 
hearing  and  vision  and  touch.  They  were  able  to  turn  their 
heads  in  the  direction  of  a  crackling  fire,  for  example,  and 
the  pencil  that  the  subject  took  in  his  hand  agreed  with  the 
one  that  he  saw  in  his  field  of  vision. 

Moreover,  according  to  Makino,  his  research  was  different 
from  Stratton's.  But  concerning  "right  side  up  vision"  and 
"right  side  up,"  he  regulated  more  clearly  that  Stratton  did 
the  progress  from  inverted  to  right  side  up  that  is  the  all- 
or-none  law  *3)  14)15)  ancj  saw  nQ  m^dle  ground.  The  frequency 
of  seeing  right  side  up  and  the  duration  of  "correctness" 
increased  with  time,  he  found. 

Stratton,  as  a  basis  for  judging  whether  vision  was  inverted 

or  not,  had  to  turn  to  evidence  from  senses  other  than  vision. 

As  for  correct  vision,  it  occurred  in  the  instances  where  visual 

and  tactile  evidence  or  visual  evidence  and  body  sensation  were 

in  agreement.  Furthermore,  he  stated  that  body  orientation  had 

a  great  deal  to  do  with  correct  or  inverted  vision.  Makino  is 

also  seeking  evidence  that  right  side  up  vision  is  related  to 

14 ) 

physical  orientation.  There  is  no  agreed  upon  answer  on  this 

point  as  yet. 

3 ) 

Evert  did  an  experiment  using  the  inversing  prism  for  both 
eyes  that  was  used  by  the  authors.  Two  weeks  after  the  experiment 


For  the  experiment,  various  types  of  experiments,  as  shown 
in  Table  I,  psychological  tests,  polygraph  tests,  sketching  tests, 
and  so  forth,  were  done.  But  in  this  section,  first  our  objec¬ 
tive  is  to  compare  the  changes  that  occurred  during  a  one  week 
period  wearing  the  glasses  with  previous  research.  The  results 
of  the  various  tests  will  be  presented  in  later  section. 

Results 

First,  there  is  a  summary  of  each  day'  ctivities,  actions, 
and  experiences.  This  is  followed  by  a  r  -y-  .  of  each  day's 
experiences  that  the  subjects  made  to  the  researchers  every 
evening,  and  finally,  the  subjects'  impressions  that  were  recorded 
every  night  before  they  slept. 

(1)  The  First  Day 

At  seven  a.m.  on  March  27,1980,  the  two  subjects  put  on  the 
glasses  under  the  supervision  of  the  researchers.  Afterwards, 
the  subjects  were  fairly  calm.  If  they  had  free  time  they  lay 
down  on  their  beds  and  listened  to  music.  But  when  they  tried 
to  look  at  the  medical  textbooks  that  they  had  brought,  they 
said  such  things  as,  "Because  the  letters  are  upside  down,  I 
can't  read  at  all."  or, "I  can  make  out  the  large  print  in  weekly 
magazines  and  newspapers  or  in  headlines.  When  a  book  is  held 
upside  down,  the  characters  are  reversed.  When  I  look  at  this 
from  the  back  side  of  the  page,  because  it  look’ right  side  up, 
it  is  easy  to  read.  But  using  this  method,  when  there  is  writing 
on  the  back  side  of  the  page  I  can't  make  it  out  very  well  and 
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began  the  subjects  performed  vitually  all  activities  with  the 
glasses  on  and  they  had  adapted  to  the  view  that  they  saw  of  the 
outside  world,  but  they  reported  that  the  world  remained  upside 
down.  Kohler1*^  found  that  adaptation  to  activity  in  the  outside 
world  could  be  seen  fairly  soon,  and  that  even  though  the  subjects 
adapted  almost  completely  they  saw  the  world  upside  down  and 
not  correctly  right  side  up.  In  this  experiment,  the  authors 
conducted  various  tests  focused  on  changes  over  time  in  the 
physical  sensationl^luch  as  touch,  the  sense  of  pain,  motor 
awareness,  and  the  senses  such  as  vision  and  hearing.  At  the 
same  time  we  observed  changes  in  activity  and  kept  records  of 
the  subjects'  impressions.  We  analyzed  the  data  and  found  that 
adaptation  is  slower  for  fine  motor  skills  that  require  a  visual 
guide  than  for  activities  that  comparatively  do  not  require  a 
visual  guide.1  ^  11  ^  We  think  that  these  results  can  be  used 
as  an  index  of  changes  in  perception  that  are  related  to  the 
inverted  visual  field  and  the  degree  of  adaptation  to  the  world 
when  seen  upside  down. 

On  the  other  hand,  there  is  criticism  of  our  way  of  conducting 
the  experiment  in  that  we  used  change  in  movement  and  activity 
as  an  indicator  of  change  in  vision  (Makino,  lQys1^  ) .  But  the 
objective  of  this  paper  was  to  present  the  subjects'  impressions 
and  the  changes  in  their  behavior.  Later,  in  a  separate  paper 
the  research  will  be  presented  in  more  detail. 

The  authors  feel  that,  inspite  of  the  fact  that  neither  subject 


Che  characters  are  hard  Co  read.  It  Cakes  time  and  I 


get  tired."  In  addition,  the  field  of  vision  is  narrow,  and 
"when  I  look  at  my  feet,  my  body  looks  like  it's  across  from 
me.  Even  when  I  try  to  put  on  my  shoes,  because  my  hands  and 
feet  don't  go  where  I  think  that  they  will,  it  takes  time. 

When  I  try  to  walk  down  the  hall,  I  can  see  the  ceiling. 

It's  like  I'm  walking  on  the  ceiling.  I  can  see  the  surface 
of  the  floor  above  me.  If  I  don't  walk  being  careful  of  what 
I  see  above  me,  I'll  bump  Into  something  in  the  hallway.  I 
can't  help  stumbling.  My  field  of  vision  is  narrow  and  because 
I  can't  really  see  where  I'm  going,  when  I  go  up  and  down  stairs, 

I  have  to  put  my  hand  on  the  wall  or  walk  while  holding  onto 
the  railing,  and  if  I  don't  learn  how  many  steps  there  are, 

I’m  likely  to  miss  the  last  step."  But  l.e  said,  "when  I  go 
to  the  lavatory,  I  put  my  hand  on  the  wall  of  the  lavatory 
and  am  able  to  use  the  toilet  by  feeling  where  I  am  with  my 
hands . " 

The  subjects  gave  positive  responses  in  their  records  of 
their  impressions  and  in  the  tests  such  as  psychological  tests 
and  polygraph  tests.  At  least,  for  the  two  subjects,  extreme 
feelings  of  discomfort,  psychological  agitation,  or  physical 
ill  effects  were  not  seen. 

E.U. :  Throughout  the  morning,  the  field  of  vision  was  narrow 
and  there  was  oscillation  in  the  visual  field.  When  I  walked, 
the  things  that  I  could  see  seemed  to  tremble.  Because  everything 
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saw  the  world  right  side  up,  because  of  the  subjects'  activity 
with  an  inverted  field  of  vision  and  their  fairly  good  adapta¬ 


tion,  this  research  comes  close  to  the  results  obtained  by 
Evert3 *  and  Kohler10 K  That  is,  they  adapted  well  in  their  acti¬ 
vities,  so  perhaps  we  can  say  that  they  began  to  not  be  aware 

1)2) 

that  the  world  was  upside  down.  There  is  a  restructuring 
of  body  awareness  and  the  corresponding  senses  including  sight. 

It  is  thought  that  this  is  related  to  a  learning  process  that 
connects  sight  and  movement  (Katori,  196911^). 

The  authors'  research  took  place  over  a  period  of  one  week 
and  this  was  shorter  than  previous  studies  that  lasted  from 
eight  to  thirty-seven  days.  If  the  research  had  continued  for 
a  longer  period  of  time,  the  results  might  have  been  different, 
but  this  is  only  speculation.  The  thing  to  note  here,  is  that 
while  feelings  of  unease  from  oscillation  in  the  visual  field 
and  feelings  of  strangeness  decreased  over  time,  distance  per¬ 
ception,  according  to  the  two  subjects,  was  slower  to  change. 

For  example,  oscillation  was  not  seen  in  a  horizontal  direction 
parallel  to  the  reflecting  surface  of  the  glasses.  This  is 

an  optical  characteristic  of  the  prism,  and  it  goes  away  or 

21)22) 

decreases  during  the  course  of  the  experiment.  Stratton 
recognized  this  in  his  experiments  when  the  visual  field  was 
reversed  using  a  prism,  and  it  is  known  to  be  a  characteristic 
of  inverted  vision.  Also,  in  contrast,  dizziness  when  the  glasses 
are  removed  became  stronger  and  ceased  when  the  glasses  were 
put  back  on.  This  study  suggests  that  an  individual  will  adapt  /263 
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would  shake  when  I  turned  my  head,  things  would  slip  out 
of  my  field  of  vision.  When  something  slipped  out  of  sight, 

I  couldn't  follow  it  very  well.  When  I  turned  my  head,  I  would 
turn  it  too  far  and  the  thing  that  was  my  objective  would  not 
be  in  my  field  of  vision.  When  I  tried  to  grasp  something  with 
my  hand,  because  the  hand  would  appear  from  the  opposite  side, 

I  thought  that  my  physical  sensations  seemed  to  be  confused. 

Even  to  pick  up  a  book  takes  time.  In  the  afternoon  near  sunset, 
I  had  gotten  somewhat  used  to  it.  Because  letters  looked 
reversed,  I  could  make  them  out,  but  it  took  time. 

In  addition,  if  I  tried  to  pick  up  a  pen  or  pencil  that  was 
on  the  desk,  my  hand  would  move  too  far,  or  off  to  the  side, 
and  because  it  took  several  tries  to  get  it  into  my  hand,  it 
took  time.  If  I  looked  down  to  try  and  put  on  my  slippers, 
because  my  own  feet  would  appear  from  beyond  my  field  of  vision, 

I  could  not  put  them  on  easily.  I  gave  up  and  put  them  on  the 
wrong  feet.  These  actions  could  be  done  more  quickly  with 
the  eyes  closed  by  relying  on  the  sense  of  touch.  My  vision 
was  constantly  disturbed. 

Furthermore,  I  had  no  real  feeling  about  people  or  the  out¬ 
side  world.  I  could  not  read  the  doctors'  or  nurses'  facial 
expressions.  As  for  food,  it  did  not  seem  to  taste  very  good 
when  I  was  wearing  the  prism  glasses.  When  I  took  them  off, 
quickly  my  surroundings  came  alive  and  I  felt  hungry.  When  I 

took  off  the  glasses  and  shook  my  head  forward  and  backwards, 
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to  vision  inverted  by  means  of  a  prism.  But  these  problems 
are  not  insignificant  and  careful  consideration  is  necessary. 

When  we  give  the  results  of  various  tests  in  a  separate  paper, 
these  results  will  be  given  further  consideration. 

Summary 

In  order  to  do  a  detailed  study  of  physical  adaptation  and 
sensory  adaptation,  various  experiments  were  conducted  on  the 
process  of  adapting  to  a  world  that  looked  upside  down  when 
inversing  prism  glasses  were  used,  in  addition,  speculative 
studies  were  done  and  records  kept  of  the  subjects'  Impressions. 
This  paper  focused  on  observations  of  the  subjects'  behavior 
and  records  of  their  impressions  during  the  experiment  and  com¬ 
pared  the  methods  and  results  with  previous  studies. 

The  subjects  were  two  healthy  students  from  the  Miyazaki 
Medical  College  who  spent  one  week  in  a  ward  of  the  Psychology 
Department  of  a  hospital  connected  with  the  Miyazaki  Medical 
College.  They  wore  the  inversing  prism  glasses,  and  various 
tests  —  psychological  tests  and  others  —  were  conducted  through¬ 
out  the  one  week  period  of  the  experiment.  Records  of  impressions 
and  changes  in  the  subjects'  behavior  were  also  kept. 

First,  to  look  at  the  process  of  adaptation,  on  Day  I  of 
this  experiment,  instability  in  the  visual  field  was  clear,  the 
world  seemed  to  shake,  there  was  a  feeling  of  unreality  and  an 
inability  to  make  out  characters,  although  the  subjects  were  able 
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I  felt  Chat  my  »v'ole  body  was  moving.  But  when  I  shook  my 
head  to  the  left  and  right,  nothing  happened,  he  stated. 

The  Day's  Impressions: 

"When  I  could  get  the  thing  that  I  wanted  into  my  hand, 

I  felt  relieved.  Because  all  movements  were  difficult  to 
accomplish,  Day  1  felt  very  long.  Because  the  T.V.  image 
was  reversed,  I  didn't  feel  like  watching  it." 

M.T.:  Throughtout  the  morning  of  Day  1,  I  often  wondered, 
'Where  am  I?'  Because  the  outside  world  was  reversed  and  the 
colors  of  things  and  scenes  seemed  dead,  they  didn't  feel  alive 
to  me.  This  continued  all  day.  Also,  in  the  same  way  as  the 
other  subject,  the  extent  of  my  confusion  during  the  morning 
was  great,  but  in  the  afternoon  I  became  somewhat  used  to  the 
world  upside  down.  Subject  1  and  I  had  for  the  most  part  the 
same  kind  of  experiences  trying  to  read,  or  put  on  slippers, 
or  pick  up  objects.  On  the  other  hand,  when  I  took  off  the 
glasses,  or  moved  my  head  up  and  down,  the  heavy  feeling  in 
the  back  of  my  head  continued  until  I  put  the  glasses  back  on. 
Then  the  feeling  went  away,"  he  said. 

The  Day's  Impressions: 

"On  Day  1,  I  felt  a  great  deal  of  psychological  stress. 

Because  the  outside  world  was  all  upside  down,  I  constantly  had 
to  be  careful  of  the  arrangement  of  objects.  When  walking, 

I  wondered  if  there  was  an  object  in  my  path  and  I  continually 
had  to  start  and  stop.  I  couldn't  really  read  characters  and 
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Co  go  where  they  vented  to,  it  took  a  great  deal  of  time. 
Walking  and  so  forth  was  very  clumsy. 
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didn't  feel  that  I  could  really  see  the  world  around  me. 

My  ability  to  concentrate  and  be  careful  decreased  remarkably." 

(2)  Day  2 

The  subjects  became  somewhat  more  active.  Saying,  "staying 
quietly  in  the  room  is  boring,"  they  did  such  things  as  buy 
newspapers  at  the  hospital  bookstore  and  use  the  pay  phone. 

Also,  they  went  out  on  the  roof  near  the  ward  and  practiced 
walking  along  a  straight  line  on  the  floor.  They  said  to  the 
researchers,  "I've  gotten  somewhat  used  to  the  upside  down 
world  but  when  I  try  to  walk  quickly,  because  my  field  of  vision 
is  narrow,  I  keep  bumping  against  the  chairs  and  other  objects 
that  are  placed  in  the  hallway."  They  began  to  mix  with  the 
other  patients  in  the  ward  and  to  watch  T.V.  Because  they  said 
that  they  could  read  a  little,  we  experimented  with  transcribing 
words  and  phrases.  But  they  were  very  clumsy  and  made  mistakes 
in  the  stroke  order  when  writing  characters  and  sometimes  wrote 
horizontal  lines  from  right  to  left  and  vertical  lines  from 
bottom  to  top.  (Note:  it  is  possible  to  write  Japanese  either 
vertically  or  horizontally.)  But  it  was  possible  to  read  what 
they  had  written. 

E.U. :  "The  discomfort  from  the  oscillation  of  the  visual  field 
and  the  feeling  of  unnaturalness  about  the  outside  world  decreased 
somewhat.  It  got  so  that  it  didn't  really  bother  me  when  I 
looked  at  the  T.V.  or  other  things  that  were  upside  down.  But 
becav.se  when  I  looked  at  people  they  seemed  to  be  upside  down, 
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1  couldn't  really  read  their  expressions.  I  took  off  the  glasses 
when  it  was  time  for  dinner,  and  when  I  was  carrying  my  dishes 
my  head  felt  funny  for  a  moment  or  two  and  I  felt  dizzy  as  if 
I  were  seasick.  But  after  four  or  five  minutes,  I  soon  recovered," 
he  said. 

The  Day's  Impressions: 

The  degree  of  fatigue  lessened  compared  to  Day  I.  As  for 
watching  T.V. ,  it  was  interesting,  but  still  I  soon  got  tired. 

People  and  plants  didn't  look  like  they  were  alive,  seemed  unreal, 
and  looked  flat  and  unchanging.  But  music  that  I  listened  to  on 
a  tape  recorder  sounded  more  lively  than  usual. 

1 

M.T. :  'Today,  the  feelings  of  strangeness  were  somewhat  decreased! 
compared  to  Day  I.  However,  when  I  looked  at  people  or  physical 
objects,  I  could  make  out  the  shape  but  I  could  not  make  smaller 
distinctions  such  as  whether  they  were  hard  or  soft.  In  addition, 

I  could  not  make  out  the  small  changes  in  people's  expressions 
at  all.  It  wasn't  an  extraordinary  physical  obstacle,  but  when 
I  took  off  the  glasses  to  eat,  my  head  shook  up  and  down  and  felt 
heavy  for  awhile  and  I  felt  dizzy.  After  about  ten  minutes  I 
put  the  glasses  back  on  and  the"  feelings  went  away,"  he  said. 

The  Day's  Impressions: 

Sight  works  for  the  body  to  prepare  it  for  making  ordinary 
movements,  doesn't  it?  Also,  when  not  using  these  glasses,  sight 
has  a  preparatory  function  and  also  works  to  decrease  stress  in 
dealing  with  physical  objects.  When  wearing  the  prism  glasses, 
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Introduction 


In  our  previous  paper  ~/j  we  reported  on  the  progress  of 
adaptation  to  an  inverted  visual  field  created  by  prism  glasses 
from  observations  of  the  subjects'  behavior  and  their  reports 
of  their  experiences.  This  paper  will  give  the  results  of 
several  visual-motor  tests  conducted  throughout  the  period  of 
the  experiment  as  well  as  repprt  changes  in  the  level  of  acti¬ 
vity,  and  subjective  evaluations  of  the  experiment  by  the  same 
subjects . 

Subjects  and  Methods 

The  subjects  were  two  healthy  adults,  E.U.  and  M.T.,  both 
23  years  old  and  Miyazaki  Medical  College  students.  The  experi¬ 
ment  was  conducted  over  a  one  week  period  during  which  the  sub¬ 
jects  were  admitted  to  a  ward  of  the  psychology  department  of 
a  hospital  connected  with  the  Medical  College.  The  details  of 
the  research  methods  were  reported  previously. ^ ^  The  inversing 
prism  glasses  were  glasses  for  both  eyes  that  used  rectangular 
prisms  (manufactured  by  Take!  Kiki).  These  glasses  reversed  top 
and  bottom  of  the  image  with  the  prisms  and  created  a  narrow  field 
of  vision  (vertical  27°,  horizontal  40°).  For  comparison  in  each 
experiment,  glasses  that  restrict  the  visual  field  that  were  made 
by  the  researchers  were  used  at  the  same  time  as  the  inversing 
prism  glasses. 


not  only  do  you  not  receive  the  necessary  information,  but 


stress  from  the  outside  world  increases,  doesn't  it?" 

(3)  Day  3 

The  subjects  became  more  active  and  didn't  lie  down  in  the 
ward;  they  strolled  frequently  about  the  hospital.  1^iey  said, 

"I'm  getting  used  to  an  upside  down  world,"  and  "I  have  become 

comparatively  able  to  handle  ray  personal  property  and  so  forth 
that  is  in  the  room."  Because  they  also  said,  "I  can  decipher 
my  medical  textbooks  a  little,"  we  administered  a  transcription 
test  with  short  and  long  sentences.  It  took  them  quite  a  bit 
of  time,  but  it  was  possible  for  them  to  do  it.  The  instability 
in  the  visual  field  decreased  quite  a  bit,  but  one  subject 
stated,  "When  I'm  talking  with  a  friend,  it's  like  seeing  the 
friend  on  video  and  talking  to  him  or  her  on  the  phone;  things 
still  don't  seem  real." 

II 

E.U.:  I  have  gradually  become  used  to  the  upside  down  world. 

Even  when  I  did  the  various  tests,  I  wasn't  very  tense.  I  had 
the  will  to  try  and  do  them.  But  I  felt  estranged  from  the  out¬ 
side  world.  I  began  to  feel  like  talking  with  the  other  patients 
in  the  ward,  but  the  feeling  of  strangeness  that  friends  and  the 
other  patients  were  in  another  world  continued.  When  I  removed 
the  glasses  at  dinner  time,  I  began  to  feel  quite  dizzy.  This 
continued  for  about  ten  minutes  and  was  especially  obvious  when 
I  nodded  my  head  up  and  down.  It  went  away  when  I  put  the  glasses 
back  on.  The  world  is  all  standing  upside  down,  but  it's 
gotten  so  that  it  doesn't  really  bother  me." 
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The  tests  that  were  conducted  were  as  follows: 

1)  Cutting  circles:  circles  6cm  in  diameter  that  were  drawn 
on  small  sheets  of  paper  (14.5cm  x  10.5cm)  were  cut  out  with 
scissors . 

2)  Copying  words:  the  subjects  wrote  five  words  in  phonetic 
characters  (hiragana)  and  in  Chinese  characters  (kan ji ) . 

3)  Copying  short  and  long  sentences:  short  sentences  of 
forteen  characters  in  length  and  long  sentences  of  175  characters. 

4)  Copying  figures:  subjects  drew  a  picture  of  a  house. 

5)  Level  of  activity:  the  subjects  strolled  freely  about 
the  hospital  in  their  free  time.  The  distance  that  they  walked 
each  day  was  calculated  by  marking  the  route  they  walked  on  a  rough 
plan  of  the  hospital. 

6)  Subjective  evaluation  of  feelings  of  strangeness  because 
of  the  glasses:  a)  oscillation  in  the  visual  field;  b)  feelings 
about  the  reality  of  the  outside  world;  c)  feelings  of  dizziness 
after  removing  the  glasses;  these  were  given  a  rating  of  0  to  5 
every  day. 

Results 

1)  Cutting  Circles  (Figure  1) 

The  task  of  cutting  out  circles  6cm  in  diameter  is  usually 
done  in  one  continuous  motion  while  turning  the  paper.  But  using 
the  scissors  with  the  prism  glasses  is  extremely  difficult.  First, 
it  is  a  problem  to  bring  the  scissors  to  the  right  place  on  the 
paper.  Next,  to  determine  the  direction  to  use  the  scissors 
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The  Day's  Impressions: 

"Concerning  human  beings’  superiority  to  animals,  humans 
are  quicker  to  adapt  to  a  changing  environment,  and  they  adapt 
well." 

M.T. :  "Today  I  could  read  even  the  fine  print  in  the  news¬ 
paper.  I  made  quite  a  bit  of  progress  in  walking.  However, 
it  is  confusing  when  I  enter  a  place  where  there  are  many  people. 
The  reason  is  perhaps  that  I  still  can't  judge  distances  very 
well.  Things  and  people  that  are  close  seem  large  and  ones 
that  are  in  the  distance  seem  small.  The  world, after  all, is 
upside  down,  and  1  still  don't  see  things  correctly."  But  he 
stated  that  he  is  not  strongly  conscious  of  the  obstacle  to  his 
vision. 

The  Day's  Impressions: 

"I  took  a  test  of  what  is  left  and  right  in  a  picture.  After 
the  test  when  I  asked  the  other  patients,  I  found  out  that  we 
had  guessed  left  and  right  incorrectly.  The  world  still  lacks 
a  feeling  of  reality  and  I  feel  dizzy  when  I  remove  the  glasses." 
( 4 )  Day  4 

Both  of  the  subjects  began  to  say,  "We  feel  that  the  rhythm 
of  our  lives  has  returned  to  what  it  was  like  before  we  put  on 
the  glasses."  They  became  more  active  than  on  the  previous 
day  and  went  out  to  the  classroom  and  the  laboratory  and  were 
able  to  read  their  medical  texts.  They  began  to  say  such  things 
as,  "I  still  feel  that  the  outisde  world  lacks  reality.  But  I 
have  been  able  to  rely  on  mv  vision  while  moving." 
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they  moved  Che  scissors  over  Che  paper,  buC  wich  Che  visual 
guide  Chey  ended  up  confused.  Figure  1  shows  Che  Cime  required 
for  Chis  Cask.  Cut,  as  shown  by  C,  alChough  ic  is  a  Cask  ChaC 
usually  requires  abouC  23  seconds,  in  Che  siCuaCion  where  Che 
glasses  were  firsc  puC  on  1C  required  more  Chan  200  seconds 
and  Che  circles  were  rough  and  irregular.  (P:  a  CesC  of  boch 
subjecCs  before  Che  experimenc  began.)  On  Day  1  afCer  Che  sub- 
jecCs  had  goCCen  used  Co  Che  glasses  for  several  hours,  Che  Cask 
Cook  more  Chan  100  seconds  and  Che  cuC-ouCs  were  rough.  BuC  on 
Day  2  Che  Cime  was  reduced  Co  abouC  50  seconds  ( comparaCively 
Cwo  Cimes  normal)  and  Chey  were  able  Co  cuC  in  one  mocion  wiChouC 
changing  Cheir  grip  on  Che  scissors.  After  this,  Che  time  required 
gradually  approached  normal.  This  shows  that  for  a  task  using 
scissors  that  is  basically  a  comparatively  simple  case  of  hand- 
eye  coordination  like  cutting  circles,  the  subjects  will  become 
adapted  and  able  to  perform  the  task  after  wearing  the  glasses 
for  one  to  two  days. 

2)  Copying  Words  (Figure  2) 

This  test  was  conducted  on  Day  3  and  Day  6.  The  subjects 

were  asked  Co  write  the  five  hiragana  (phonetic,  cursive  characters )j 

i 

and  kanji  (Chinese  characters)  words  shown  below  Figure  2.  These 
tasks  usually  require  16  and  27  seconds  respectively,  but  on 
Day  2  the  hiragana  words  took  more  than  100  seconds  and  more  than 
60  seconds  on  Day  6.  The  kanji  words  took  more  than  180  seconds 
on  Day  3  and  more  than  130  seconds  on  Day  6.  For  the  kanji  task 
on  Day  3,  there  was  a  great  difference  between  the  two  subjects/266 


E.U.:  "I  feel  that  we  have  passed  the  peak  of  this  thing. 
Yesterday  there  were  many  times  when  vision  with  the  glasses 
was  a  hinderance  to  action,  but  today  I  find  that  I  am  not 
particularly  conscious  of  that.  The  world  is  still  upside 
dovm  but  I  realize  that  I  don't  particularly  notice  that  it 
is  upside  down.  I  still  don't  feel  that  things  are  alive. 

But  when  I  look  at  something  and  think  that  I'll  pick  it  up, 

I'm  able  to  go  right  to  the  place  where  it  is." 

The  Day's  Impressions:  "The  world  is  still  upside  down.  But 
compared  to  Day  3,  I  was  able  to  observe  more  small  details. 

I  was  able  to  grasp  the  door  knob  quickly,  but  handling  things 
like  putting  tooth  paste  on  a  tooth  brush  were  still  difficult. 

I  still  can't  compensate  very  well  visually  for  those  aberrations 
caused  by  wearing  the  glasses." 

M.T.:  "I  became  able  to  accomplish  all  physical  activities 
better  than  yesterday.  When  other  people  began  to  talk  to  me, 
it  became  natural  for  me  to  turn  my  whole  head  in  that  person's 
direction  because  my  field  of  vision  was  narrow.  Usually,  when 
talking  with  someone  or  when  following  a  person  with  one's  eyes, 
you  just  keep  them  in  your  line  of  sight  by  moving  your  eyes. 

But  when  you  put  on  these  glasses,  the  visual  field  is  narrow, 
so  soon  the  person  will  disappear  from  sight.  Sometimes  I  don't 
move  ray  head,  or  I  turn  my  head  too  far,  or  move  it  excessively, 
and  the  field  of  vision  shakes.  But  today  I'm  able  to  do  that 
kind  of  thing  naturally.  I  learned  to  turn  together  with  the 
movement  of  my  objective  to  get  it  in  my  field  of  vision. 
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This  seemed  to  be  related  to  the  attitude  that  the  subjects 
had  about  copying. 

In  the  case  of  copying,  for  hiragana  and  simple  kanjl 
a  visual  guide  is  not  necessary  to  write  the  character.  On  the 
other  hand,  for  complex  characters,  to  correctly  place  the  left 
and  right  sides  of  the  character  a  visual  guide  is  necessary. 

When  the  subjects  tried  to  write  hiragana  or  simple  kan ji 
accurately  with  a  visual  guide,  the  prism  glasses  ended  up  being 
a  hinderance.  For  copying,  the  differences  in  the  time  required 
to  copy  the  sentences  by  the  subjects  appears  to  result  from  a 
difference  in  attitude  that  depends  on  the  visual  guide. 

3)  Copying  Short  and  Long  Sentences 
a)  Copying  Short  Sentences  (Figure  3) 

Sentences  of  14  characters  that  are  a  combination  of  Chinese 
characters  and  phonetic  characters  can  usually  be  written  in  about 
16  seconds.  This  test  was  conducted  from  Day  2  on.  On  Day  2 
it  required  more  than  120  seconds.  This  test  showed  the  same 
difference  between  the  subjects  that  was  seen  before  in  the  word 
transcribing  test.  In  short,  subject  E.U.  required  50  seconds 
more  time  than  M.T.  did.  However,  this  differences  disappeared 
from  Day  4  on.  That  is,  until  about  Day  3  of  the  experiment  dif¬ 
ferences  in  attitude  between  the  subjects  seemed  to  appear,  but 
after  than  the  differences  disappeared.  On  Day  3  the  time  required 
decreased  to  a  maximum  of  30  seconds  for  both  subjects,  and  it 
now  took  them  only  twice  as  much  time  as  normal. 
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The  outside  world  wes  Inverted  end  I  didn't  see  It  upright , 
but  1  could  see  scenes  end  chenges  In  people's  expressions 
In  deteil.  But  It  wes  like  seeing  the  world  through  e  thick 
gless  door,  end  when  I  looked  et  e  person  It  wes  like  seeing 
then  reflected  In  e  mirror.  The  feeling  of  dizziness  when  I 
removed  the  glesses  wes  greduelly  getting  stronger. 

The  Dey's  Impressions: 

"I  think  thet  we  pessed  the  dey  comfortably  without  tension. 

We  were  eble  to  finish  such  ectlvities  as  transcribing  sentences 
fairly  quickly." 

(5)  Dey  5 

"We  were  confused  by  activities  that  required  careful 
thought,  but  for  exercise  or  walking,  they  were  close  to 
our  normal  state  without  wearing  glasses.  But  the  world  was 
ell  inverted  end  we  couldn't  see  anything  correctly.  But  around 
noon,  when  walking  down  a  hallway  that  looked  symmetrical, 
when  I  looked  up  at  the  ceiling  I  thought  for 
an  Instant  thet  I  wes  seeing  things  right  side  up.  But  when  I 
looked  carefully,  it  was  still  reversed  after  all.  Perception 
of  distances  still  had  not  completely  returned  to  normal. 

I  thought  that  people  and  scenes  looked  as  though  reflected  in  a 
mirror  and  seemed  unreal,"  one  of  the  subjects  stated.  One  of 
the  researchers  asked,  "Row  would  it  be  if  you  wore  the  glasses 
for  twenty  years?"  "If  the  field  of  vision  were  wider,  I  don't 
think  it  would  seem  inconvenient,"  they  answered. 
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b)  Copying  Long  Sentences  (Figure  4) 

On  the  third  day  using  the  prism  glasses,  because  we  found 


that  the  subjects  could  do  the  copying  fairly  well,  a  test  of 
copying  sentences  that  were  175  characters  long  and  that  contained 
both  Chinese  characters  and  phonetic  characters  was  administered 
from  Day  3  on.  The  copying  of  these  sentences  can  normally  be 
completed  in  about  4  minutes  17  seconds,  but  on  Day  3  it  took 
more  than  17  minutes.  By  Day  7  they  were  able  to  do  it  in  about 
half  the  time,  eight  to  nine  minutes,  but  this  was  still  twice 
as  much  time  as  normal . 

4)  Copying  Figures  (Figure  5) 

The  copying  of  a  simple  line  drawing  of  a  house  can  usually 
be  done  in  less  than  16  seconds.  But  when  done  with  the  prism 
glasses,  the  time  averaged  288  seconds  (N=17)  and  clearly  the 
time  increased.  Also,  the  figure  was  poorly  drawn.  It  took  50 
seconds  on  the  sixth  day  wearing  the  glasses,  40  seconds  on  the 
seventh  day  and  by  then  the  subjects  were  able  to  draw  the  figure 
smoothly.  This  was  still  two  to  three  times  the  amount  of  time 
normally  required.  Figure  5  shows  E.U.'s  drawing  before  the 
experiment  began  and  he  had  experienced  the  glasses,  and  also  his 
drawing  on  Day  7 .  As  can  be  seen  from  the  figures ,  when  not  yet 
adjusted  to  the  glasses,  placing  the  pencil  on  the  right  point  and 
moving  it  in  the  right  direction  take  several  unsteady  attempts. 
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E.U.:  "I  think  that  I've  pretty  much  become  accustomed  to 


the  inverted  world.  But  things  that  should  fall  according 
to  the  natural  laws  of  gravity  accelerate  and  rise  Instead. 

And  I  feel  uneasy  about  things  like  tabacco  smoke  "rising" 
downwards . " 

The  Day's  Impressions: 

"The  times  when  I  am  able  to  move  without  being  conscious 
that  I  am  wearing  the  glasses  are  gradually  Increasing." 

M.T.:  "The  outside  world  was  all  inverted,  but  I  didn't 
feel  that  there  were  really  any  obstacles  to  movement. 

Perhaps  this  shows  that  it  doesn't  really  matter  if  things  are 
seen  upside  down.  If  the  concepts  that  I  create  in  my  own 
mind  about  the  outside  world  are  not  contradicted  by  other 
people,  then  I  think  that  whether  the  image  is  right  side  up 
or  upside  down  is  not  significant." 

The  Day's  Impressions: 

"There  was  no  obstacle  to  normal  activity.  Just  when  I  made 
precise  movements  my  vision  was  a  hinderance.  Also,  the  dizzi¬ 
ness  when  I  take  off  the  glasses  seems  to  be  increasing." 

( 6 )  Day  6 

Except  that  they  were  using  the  glasses,  the  subjects' 
activities  were  for  the  most  part  close  to  normal.  "In  the 
morning  I  did  calisthenics  to  the  radio  with  the  other  patients 
and  in  the  afternoon  played  ping  pong.  But  because  the  ball 
moves  quickly,  it  would  soon  go  out  of  my  field  of  vision. 

When  I  swung  the  paddle,  I  often  swung  above  the  ball  and  missed. 
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5)  Each  Day's  Level  of  Mobility  (Figure  6) 

As  stated  in  the  Methods  section,  the  distance  the  subjects 
walked  every  day  was  calculated  using  a  map  based  on  the 
subjects'  reports.  C  in  Figure  6  shows  the  average  distance 
that  the  subjects  walked  during  the  six  days  following  the 
experiment.  Generally,  they  walked  1500  meters  daily.  On  Day  1 
of  the  experiment  the  subjects  were  still  not  adapted  to  the 
glasses  and  activity  was  limited.  They  could  barely  leave  the 
room  to  go  to  the  toilet,  and  they  walked  feeling  their  way 
along  the  corridor.  When  they  wore  the  glasses,  not  only  were 
things  seen  upside  down,  but  the  visual  field  was  narrow,  and 
in  order  to  see  where  they  were  going  they  had  to  tilt  their 
heads  very  far  forward.  If  they  move  their  heads,  the  visual 
field  shakes.  The  things  that  they  are  looking  at  are  unstable. 
They  can't  judge  distances.  Because  of  this,  movement  is  restric¬ 
ted.  But  because  we  told  them  to  use  their  time  actively  doing 
such  things  as  walking,  watching  t.v.,  or  reading,  the  subjects 
tried  to  do  these  things. 

On  Day  1  the  subjects  could  barely  go  to  the  gift  shop  to  do 
some  shopping,  but  the  distance  they  walked  increased  as  the  days 
passed.  On  Day  5  the  distance  was  up  to  about  2000  meters,  and 
they  even  walked  more  than  they  usually  did.  When  it  reached  this 
level,  they  had  gotten  used  to  walking  in  the  hallways  and  on  the 
stairs  and  could  move  about  pretty  freely.  Because  they  could 
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If  I  could  rally  two  or  three  times,  usually  that  was  the  best 
I  could  do.  After  all,  the  world  is  upside  down,  and  I  was  not 
able  to  see  things  correctly." 

E.U.:  "I  could  move  more  skillfully' than  yesterday.  From 
the  six  days'  experiences,  maybe  I  can  suggest  that  "seeing 
correctly"  means  a  situation  in  which  one' can  move  skillfully 
and  naturally  without  being  aware  that  things  are  upside  down. 

When  doing  something  like  eating  with  the  glasses  off,  there 
is  a  feeling  of  dizziness  and  the  world  doesn't  seem  real.  But 
this  feeling  of  unreality  is  lessening  every  day.  The  oscilla¬ 
tion  in  the  visual  field  has  also  decreased." 

The  Day's  Impressions: 

"I  still  can't  really  tell  distances  or  if  things  are  solid 
or  not.  Even  if  I  get  used  to  the  world  upside  down,  I  think 
that  to  be  able  to  grasp  these  differences  correctly  will  come 
very  slowly." 

M.T. :  "Today  even  though  there  were  tests,  they  were  not 
difficult.  When  transcribing  sentences,  I  was  able  to  write 
in  my  usual  style.  The  world  was  upside  down  but  this  was  not 
troublesome." 

The  Day's  Impressions: 

"I  became  able  to  live  looking  at  the  world  upside  down  with¬ 
out  being  conscious  of  it.  But  when  I  was  asked  if  I  saw  things 
right  side  up,  I  had  to  answer,  'The  image  is  upside  down.' 

When  I  did  something  like  scoop  up  ice  from  a  plate  with  a  spoon 
I  was  hampered  by  my  vision.  If  I  were  to  go  into  a  place  where 


and  2  it  lasted  for  five  or  ten  minutes  after  taking  off  the 
glasses,  but  by  Days  5  and  6,  even  while  removing  the  glasses, 
not  only  were  they  dizzy,  but  they  experienced  a  loss  of  reality 
like  that  they  had  experienced  when  they  first  put  on  the  glasses. 
The  loss  of  reality  and  dizziness  that  occurred  when  they  moved 
after  they  removed  the  glasses  when  the  experiment  was  over 
were  evaluated  over  time  as  shown  in  the  graph.  These  feelings 
continued  for  three  or  four  days  and  then  returned  to  normal. 

This  effect  was  especially  strong  for  E.U.  Because  of  this, 
the  subject  stated  that  during  that  period  he  couldn't  drive  a 
car.  P  on  the  graph  shows  the  degree  of  dizziness  and  feelings 
of  unreality  when  the  subjects  put  on  the  glasses  briefly  when 
they  came  in  one  week  and  two  weeks  after  the  end  of  the  experi¬ 
ment  to  let  us  make  polygraph  recordings.  But  there  was  little 
oscillation  in  the  visual  field  and  also  only  slight  dizziness 
when  they  took  off  the  glasses.  This  means  that  the  adaptation 
to  the  glasses  continues  for  one  to  two  weeks. 

Considerations 

As  was  mentioned  in  the  Considerations  section  in  our  previous 

publications,  *^18)  the  issue  of  adapting  to  the  inverted  visual 

field  is  roughly  divided  as  follows:  1)  The  visual  field  becomes 

upright.  2)  There  is  no  change  in  vision,  but 

there  is  physical  adaptation  to  the  inverted  visual  field. 
21)23)27) 

The  issue  is  being  debated  from  these  two  sides. 
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Concerning  the  latter  physical  adaptation  theory,  there  are 
various  opinions.  Many  theories  have  been  put  forward,  such 
as  a  reordering  of  the  senses  to  create  unity  between  vision 

lg)  13  j 

and  movement,  rearrangement  of  perceptions  of  the  body, 

12 ) 

and  the  theory  that  emphasizes  the  role  of  a  sense  of  location. 

In  any  case,  dealing  actively  with  the  inverted  world  will  speed 
up  learning.8 )9)10) 11 } 19)29 )21)  Concerning  a  change  in  visual 
perception,  in  our  previous  papers  from  observations  of  change 
in  subjects'  activity  and  reports  of  the  subjects’  experiences 
we  found  that  upright  vision  did  not  occur  even  temporarily 
during  a  week  of  wearing  the  prism  glasses.  Our  findings  con¬ 
tradict  Stratton  28 )  and  Ilalcino .  ^ )  18 ) 

Among  the  research  with  inversing  prism  glasses,  this  report 
deals  with  the  change  over  time  in  the  visual-motor  response, 
the  amount  of  activity,  and  subjective  evaluations  of  feelings 
of  unease.  When  we  analyze  the  results,  for  all  the  tests  there 
are  shortened  performance  times  and  improvement  in  performance 
of  the  tasks  over  time.  For  example,  for  circle  cutting  there 
was  rapid  improvement  within  two  or  three  days  and  performance 
approached  normal. 

As  touched  on  briefly  before,  the  test  scores  of  che  two 
subjects  that  participated  In  this  experiment  show  the  same 
trend,  but  there  were  some  differences.  Overall,  in  the  early 
part  of  the  experiment  E.U.'s  scores  were  worse  that  M.T.'s. 
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"I  was  able  to  handle  the  various  tests  comfortably. 

The  world  still  doesn't  seem  alive;  It  seems  unreal.  There 
Is  also  oscillation  In  the  visual  field,  today  dizziness  Is 

stronger,  and  It  stops  when  I  put  the  glasses  on." 

Considerations 

Concerning  distortion  of  vision,  adaptation,  and  the  after¬ 
image  effect,  according  to  experiments  by  Helmholz  and  others^ * 
distortion  of  vision  caused  by  using  a  prism  Is  known  to  decrease 

within  a  comparatively  short  period  of  time.  Based  on  this  study, 
21)22) 

Stratton  found  that  the  world  Is  seen  right  side  up  In 

spite  of  the  fact  that  the  Image  on  the  retina  Is  upside  down. 

And,  wearing  the  prism  glasses,  the  world  Is  reversed  and  the 
Image  on  the  retina  Is  actually  right  side  up.  The  result  of 
wearing  the  prisms  Is  first  that  the  world  Is  seen  upside  down 
and  vision  predominance  disappears.  The  person  begins  to  rely 
on  the  evidence  of  the  other  senses,  that  is,  hearing  and  touch, 
and  proprioceptive  sensation  becomes  predominant.  The  senses 
are  In  disorder,  and  the  subjects  are  confused.  From  the  second 
day  of  Stratton's  experiment,  the  world  looked  right  side  up  and, 
following  the  all-or-none  law,  what  had  been  seen  upside  down 
until  then  was  intertnittently  seen  correctly.  Both  the  frequency 
and  the  duration  increased;  there  was  no  time  when  they  saw  the 
Image  both  ways. 

This  kind  of  right  side  up  vision  increased  with  the  passage 
of  time  during  the  experiment.  The  feeling  that  the  world  was 
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But  that  was  only  in  the  beginning.  After  three  or  four  days, 
they  were  both  at  the  same  level.  Figure  8  compares  both  sub¬ 
jects  on  three  tests.  These  differences  show  differences  in 
reaction  to  the  sudden  inversion  of  the  visual  field  between 
the  two  subjects.  Various  factors  may  account  for  this.  The 
authors,  in  a  different  experiment  with  18  subjects,  had  the 
subjects  write  their  ovm  names  while  wearing  the  prism  glasses 
and  then  write  them  with  the! reyes  closed.  The  results  were 
that  when  wearing  the  glasses  the  average  time  was  220.7  seconds 
(greatest,  485  seconds;  least,  36  seconds),  when  the  subjects' 
eyes  were  shut  the  average  was  43.3  seconds  (greatest,  64  seconds; 
least,  23  seconds).  This  shows  that  it  is  faster  to  write  one's 
own  name  with  the  eyes  shut,  and  of  course  it  shows  that  with 
the  glasses  visual  control  in  disturbed.  Also,  because  the  range 
of  times  varied  greatly,  individual  differences  in  dealing  with 
the  effects  caused  by  the  glasses  are  shown  to  be  great.  Also, 
perhaps  the  subjects,  when  given  this  kind  of  task,  will  write 
according  to  their  mental  image  instead  of  relying  on  a  visual 
guide.  Actually,  there  are  many  instances  in  the  early  stages 
where  it  was  better  to  move  according  to  a  mental  image  than  to 
use  vision  as  a  guide. 

In  addition,  Figure  8  shows  differences  in  adapting  to  the 

different  tests.  For  simple  tasks  like  circle  cutting,  it 

shows  that  subjects  progress  within  a  week  to  the  point  that 

they  are  no  different  from  the  control.  But  for  copying  sentences, 

/270 


39 


they  only  reach  the  level  of  two  times  the  control,  and  if 
copying  only  Chinese  characters  they  improve  to  the  point  where 
they  require  four  to  five  times  the  normal  amount  of  time. 

Thus,  the  degree  of  difficulty  of  the  test  seems  to  be, f or  any 
test,  the  extent  to  which  the  subjects  use  the  visual  guide  or 


severe  for  the  first  two  to  three  days  and  decreased  after  that. 
When  they  had  become  adjusted  to  the  glasses,  by  contrast,  they 
began  to  feel  strange  when  they  took  them  off.  This  relation¬ 
ship  was  shown  by  the  evaluations  of  their  experiences  and  changes 
in  their  level  of  activity.  Because  feelings  of  unease  occurred 
when  they  took  the  glasses  off; as  the  last  day  of  the  experiment 
approached  they  preferred  to  wear  the  glasses. 

When  the  one  week  experiment  ended,  the  subjects  were 
liberated  from  the  heavy  prism  glasses,  but  again  for  two  or 
three  days  they  had  feelings  of  strangeness.  These  were  fairly 
mild,  but  it  was  similar  to  when  they  had  first  put  on  the  glasses. 
After  that  their  vision  returned  to  normal,  but  when  we  later 
tried  to  test  them  with  the  glasses  we  found  that  they  adapted 
very  quickly. 

The  problem  of  adapting  to  the  prism  glasses  is  of  course  a 

sensory  problem.  In  this  experiment  we  offer  data  that  makes 

suggestions  about  recognition  of  the  outside  world,  perception, 

and  motor  learning.  Also,  the  unease  from  dizziness  that  occurs 

when  putting  on  the  glasses  can  be  seen  as  a  problem  of  eye 

movement  and  the  equilibrium  function  of  the  eyes,  or  as  a 

brain  function  from  the  inner  ear  to  the  mid-brain  and  corebellum. 
1)2)4)5)22) 

Moreover,  when  inverted  vision  is  used  as  a  stimulus, 
the  individual  response  to  that  stimulus  can  be  thought  of  as  a 
measure  to  judge  individual  attitudes. 
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and  personality  may  be  overlooked. 

Furthermore,  if  the  subjects  are  of  different  ages,  differences 
in  adapting  to  the  inverted  visual  field  also  can  be  expected. 

In  the  research  mentioned  above,  there  are  doubts  about  whether 
or  not  the  important  part  of  adaptation  to  the  inverted  visual 
field  was  correctly  interpreted  or  not.  Concerning  this  point, 
one  of  the  authors  plans  to  publish  a  separate  study  based  on  the 
results  of  the  various  psychological  tests. ^ 

In  view  of  the  above  points,  the  authors  decided  to  use  the 
research  methods  that  they  did  in  this  study.  That  is,  the 
subjects  and  the  researchers  were  not  the  same  persons,  the 
subjects  were  admitted  to  a  ward  of  the  hospital  and  wore  the 
glasses  there  so  that  they  could  be  easily  observed,  and,  in  this 
way,  information  was  obtained  by  both  observation  and  report. 

The  results  obtained  by  the  authors  are  very  different  from 
those  reported  by  Stratton  and  Makino.  For  example,  according 
to  Stratton's  research,  adaptation  to  the  inverted  visual  field 
was  comparatively  fast.  His  subjects  even  saw  the  visual  field 
right  side  up  on  the  first  day  of  his  experiment.  But  ordinarily 
the  visual  field  was  inverted  and  disturbed.  On  Day  2,  they 
became  able  to  see  themselves  right  side  up.  Moreover,  on  Day  3, 
the  disturbance  in  the  visual  field  decreased  and  they  became 
aware  of  movement  of  their  own  bodies  not  just  when  it  could  be 
seen  in  the  visual  field.  On  Day  4,  they  saw  the  visual  field 
correctly  more  often,  especially  when  they  were  moving  they  felt 


Summary 

Experiments  were  carried  out  using  inversing  prism  glasses 
for  one  week  with  two  adult  male  subjects  The  results'  of 
various  sensory-motor  tests,  measurements  of  the  level  of  acti¬ 
vity,  and  subjective  evaluations  of  the  subjects'  experiences 
were  reported. 

For  sensory-motor  tests  such  as  circle  cutting,  copying 
sentences  and  copying  figures,  these  could  be  accomplished  fairly 
well  by  Day  3  and  Day  4  of  the  experiment.  This  was  related  to  the 
degree  of  difficulty  of  the  task.  Circle  cutting  could  be  done 
almost  as  well  as  the  control.  For  copying  sentences,  the  sub¬ 
jects  adapted  to  the  extent  that  they  could  do  it  in  two  to 
three  times  the  time  required  by  the  control.  In  the  one  week 
experiment,  even  temporary  upright  vision  was  not  seen.  According 
to  the  subjects'  accounts  of  their  experiences,  they  said  that  they 
could  move  about  freely  and  it  did  not  matter  whether  vision 
was  right  side  up  or  upside  down. 

The  oscillation  in  the  visual  field  and  the  lessening  of 
feelings  of  reality  were  created  by  the  prism  glasses  but  when  they 
continued  to  wear  them,  a  feeling  of  unease  and  temporary  dizzi¬ 
ness  occurred  when  they  took  them  off.  When  we  had  the  subjects 
make  subjective  evaluations  of  these  experiences,  they  said 
that  the  oscillation  in  the  visual  field  and  the  loss  of  a  sense 
of  reality  lessened  as  the  days  passed,  but  at  the  same  time  the 
feelings  of  uneasiness  when  they  took  off  the  glasses  got  stronger 
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that  things  were  right  side  up  and  realistic.  On  Day  8,  it 
was  reported  that  there  was  agreement  between  vision  and 
hearing  and  vision  and  touch.  They  were  able  to  turn  their 
heads  in  the  direction  of  a  crackling  fire,  for  example,  and 
the  pencil  that  the  subject  took  in  his  hand  agreed  with  the 
one  that  he  saw  in  his  field  of  vision. 

Moreover,  according  to  Makino,  his  research  was  different 
from  Stratton's.  But  concerning  "right  side  up  vision"  and 
"right  side  up,"  he  regulated  more  clearly  that  Stratton  did 
the  progress  from  inverted  to  right  side  up  that  is  the  all- 
or-none  law  *3)  14)15)  ancj  saw  nQ  m^dle  ground.  The  frequency 
of  seeing  right  side  up  and  the  duration  of  "correctness" 
increased  with  time,  he  found. 

Stratton,  as  a  basis  for  judging  whether  vision  was  inverted 

or  not,  had  to  turn  to  evidence  from  senses  other  than  vision. 

As  for  correct  vision,  it  occurred  in  the  instances  where  visual 

and  tactile  evidence  or  visual  evidence  and  body  sensation  were 

in  agreement.  Furthermore,  he  stated  that  body  orientation  had 

a  great  deal  to  do  with  correct  or  inverted  vision.  Makino  is 

also  seeking  evidence  that  right  side  up  vision  is  related  to 

14 ) 

physical  orientation.  There  is  no  agreed  upon  answer  on  this 

point  as  yet. 

3 ) 

Evert  did  an  experiment  using  the  inversing  prism  for  both 
eyes  that  was  used  by  the  authors.  Two  weeks  after  the  experiment 


and  they  found  that  there  was  this  inverse  relationship.  Also, 
after  the  one  week  experiment  ended,  the  feelings  of  uneasiness 
continued  for  two  to  three  days  and  this  seemed  much  like  when 
they  had  first  worn  the  prism  glasses.  By  measuring  the  subjects' 
level  of  activity,  we  found  that  along  with  the  subjects'  adap¬ 
tation  to  the  glasses,  the  distance  they  walked  increased. 

Differences  in  the  degree  of  adaptation  to  the  prism  glasses 
could  be  seen  between  the  two  subjects.  This  can  be  thought  of 
as  reflecting  differences  in  attitude  related  to  individual 
methods  for  solving  the  problems  created  by  the  inverted  visual 
field. 


/  271 


43 


began  the  subjects  performed  vitually  all  activities  with  the 
glasses  on  and  they  had  adapted  to  the  view  that  they  saw  of  the 
outside  world,  but  they  reported  that  the  world  remained  upside 
down.  Kohler1*^  found  that  adaptation  to  activity  in  the  outside 
world  could  be  seen  fairly  soon,  and  that  even  though  the  subjects 
adapted  almost  completely  they  saw  the  world  upside  down  and 
not  correctly  right  side  up.  In  this  experiment,  the  authors 
conducted  various  tests  focused  on  changes  over  time  in  the 
physical  sensationl^luch  as  touch,  the  sense  of  pain,  motor 
awareness,  and  the  senses  such  as  vision  and  hearing.  At  the 
same  time  we  observed  changes  in  activity  and  kept  records  of 
the  subjects'  impressions.  We  analyzed  the  data  and  found  that 
adaptation  is  slower  for  fine  motor  skills  that  require  a  visual 
guide  than  for  activities  that  comparatively  do  not  require  a 
visual  guide.1  ^  11  ^  We  think  that  these  results  can  be  used 
as  an  index  of  changes  in  perception  that  are  related  to  the 
inverted  visual  field  and  the  degree  of  adaptation  to  the  world 
when  seen  upside  down. 

On  the  other  hand,  there  is  criticism  of  our  way  of  conducting 
the  experiment  in  that  we  used  change  in  movement  and  activity 
as  an  indicator  of  change  in  vision  (Makino,  lQys1^  ) .  But  the 
objective  of  this  paper  was  to  present  the  subjects'  impressions 
and  the  changes  in  their  behavior.  Later,  in  a  separate  paper 
the  research  will  be  presented  in  more  detail. 

The  authors  feel  that,  inspite  of  the  fact  that  neither  subject 
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Figure  1:  Circle  Cutting:  C  is  the  control,  P  is  the  result 
at  tha  beginning  of  the  experiment.  The  vertical 
axis  shows  the  time  required,  the  horizontal  shows 
the  day  the  test  was  done. 


saw  the  world  right  side  up,  because  of  the  subjects'  activity 
with  an  inverted  field  of  vision  and  their  fairly  good  adapta¬ 


tion,  this  research  comes  close  to  the  results  obtained  by 
Evert3 *  and  Kohler10 K  That  is,  they  adapted  well  in  their  acti¬ 
vities,  so  perhaps  we  can  say  that  they  began  to  not  be  aware 

1)2) 

that  the  world  was  upside  down.  There  is  a  restructuring 
of  body  awareness  and  the  corresponding  senses  including  sight. 

It  is  thought  that  this  is  related  to  a  learning  process  that 
connects  sight  and  movement  (Katori,  196911^). 

The  authors'  research  took  place  over  a  period  of  one  week 
and  this  was  shorter  than  previous  studies  that  lasted  from 
eight  to  thirty-seven  days.  If  the  research  had  continued  for 
a  longer  period  of  time,  the  results  might  have  been  different, 
but  this  is  only  speculation.  The  thing  to  note  here,  is  that 
while  feelings  of  unease  from  oscillation  in  the  visual  field 
and  feelings  of  strangeness  decreased  over  time,  distance  per¬ 
ception,  according  to  the  two  subjects,  was  slower  to  change. 

For  example,  oscillation  was  not  seen  in  a  horizontal  direction 
parallel  to  the  reflecting  surface  of  the  glasses.  This  is 

an  optical  characteristic  of  the  prism,  and  it  goes  away  or 

21)22) 

decreases  during  the  course  of  the  experiment.  Stratton 
recognized  this  in  his  experiments  when  the  visual  field  was 
reversed  using  a  prism,  and  it  is  known  to  be  a  characteristic 
of  inverted  vision.  Also,  in  contrast,  dizziness  when  the  glasses 
are  removed  became  stronger  and  ceased  when  the  glasses  were 
put  back  on.  This  study  suggests  that  an  individual  will  adapt  /263 
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Figure  2:  Copying  Words.  This  was  a  test  of  kanji  (Chinese 
characters)  and  hiragana  (phonetic  characters). 
The  words  used  are  shown  below  the  graph. 


Figure  3:  Copying  Short  Sentences.  Next  to  sample  are  shown  E.U 
sentences  for  Day  2 (center,),  and  Day  7  (left).  , 


to  vision  inverted  by  means  of  a  prism.  But  these  problems 
are  not  insignificant  and  careful  consideration  is  necessary. 

When  we  give  the  results  of  various  tests  in  a  separate  paper, 
these  results  will  be  given  further  consideration. 

Summary 

In  order  to  do  a  detailed  study  of  physical  adaptation  and 
sensory  adaptation,  various  experiments  were  conducted  on  the 
process  of  adapting  to  a  world  that  looked  upside  down  when 
inversing  prism  glasses  were  used,  in  addition,  speculative 
studies  were  done  and  records  kept  of  the  subjects'  Impressions. 
This  paper  focused  on  observations  of  the  subjects'  behavior 
and  records  of  their  impressions  during  the  experiment  and  com¬ 
pared  the  methods  and  results  with  previous  studies. 

The  subjects  were  two  healthy  students  from  the  Miyazaki 
Medical  College  who  spent  one  week  in  a  ward  of  the  Psychology 
Department  of  a  hospital  connected  with  the  Miyazaki  Medical 
College.  They  wore  the  inversing  prism  glasses,  and  various 
tests  —  psychological  tests  and  others  —  were  conducted  through¬ 
out  the  one  week  period  of  the  experiment.  Records  of  impressions 
and  changes  in  the  subjects'  behavior  were  also  kept. 

First,  to  look  at  the  process  of  adaptation,  on  Day  I  of 
this  experiment,  instability  in  the  visual  field  was  clear,  the 
world  seemed  to  shake,  there  was  a  feeling  of  unreality  and  an 
inability  to  make  out  characters,  although  the  subjects  were  able 
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Figure  4:  Copying  Long  Sentences. 


«*«I.  E.  U.  ■ 

mtm.  m.  t.  □ 


Copying  Figures.  C  is  the  control  (n-8),  P  was  at  the 
time  they  first  put  on  the  glasses  (n-17).  The  center 
figure  was  the  right  was  drawn  by  E.U.  at  P,  the  bottom 
on  Day  7. 
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Figure  5: 


Co  go  where  they  vented  to,  it  took  a  great  deal  of  time. 
Walking  and  so  forth  was  very  clumsy. 
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Figure  6:  Distance  Walked  Each  Day.  C  shows  an  average  daily 
distance  for  the  subjects  calculated  over  a  six  day 
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Figure  7:  Subjective  Ratings  of  Feelings  of  Unease,  'indicates 

feelings  of  dizziness  when  glasses  were  removed,  o indicates  ! 
oscillation  in  the  visual  field  at  the  time  the  glasses  j 
are  put  on.  x  indicates  feelings  of  unreality  when  wearing  i 
glasses.  After  experiment,  •  indicates  periodically  j 
occurring  dizziness,  o feelings  of  unreality.  P  are  times  I 
subjects  came  ip-to  take  polygraph  tests.  /?*<}  i 
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Figure  8 


1 


Shows  the  results  for  both  subjects  on  three  tasks 
compared  to  the  control.  Circle  cutting  (circles), 
copying  Chinese  characters  (triangles),  and  copying 
short  sentences  (squares).  Black  is  E.U.,  white  is 
M.T.  The  vertical  axis  gives  the  subjects'  times 
in  comparison  to  the  control  (for  example,  two  times 
the  control).  P  is  when  they  had  first  put  on  the  glasses. 
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Introduction 


In  our  previous  paper  ~/j  we  reported  on  the  progress  of 
adaptation  to  an  inverted  visual  field  created  by  prism  glasses 
from  observations  of  the  subjects'  behavior  and  their  reports 
of  their  experiences.  This  paper  will  give  the  results  of 
several  visual-motor  tests  conducted  throughout  the  period  of 
the  experiment  as  well  as  repprt  changes  in  the  level  of  acti¬ 
vity,  and  subjective  evaluations  of  the  experiment  by  the  same 
subjects . 

Subjects  and  Methods 

The  subjects  were  two  healthy  adults,  E.U.  and  M.T.,  both 
23  years  old  and  Miyazaki  Medical  College  students.  The  experi¬ 
ment  was  conducted  over  a  one  week  period  during  which  the  sub¬ 
jects  were  admitted  to  a  ward  of  the  psychology  department  of 
a  hospital  connected  with  the  Medical  College.  The  details  of 
the  research  methods  were  reported  previously. ^ ^  The  inversing 
prism  glasses  were  glasses  for  both  eyes  that  used  rectangular 
prisms  (manufactured  by  Take!  Kiki).  These  glasses  reversed  top 
and  bottom  of  the  image  with  the  prisms  and  created  a  narrow  field 
of  vision  (vertical  27°,  horizontal  40°).  For  comparison  in  each 
experiment,  glasses  that  restrict  the  visual  field  that  were  made 
by  the  researchers  were  used  at  the  same  time  as  the  inversing 
prism  glasses. 
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The  tests  that  were  conducted  were  as  follows: 

1)  Cutting  circles:  circles  6cm  in  diameter  that  were  drawn 
on  small  sheets  of  paper  (14.5cm  x  10.5cm)  were  cut  out  with 
scissors . 

2)  Copying  words:  the  subjects  wrote  five  words  in  phonetic 
characters  (hiragana)  and  in  Chinese  characters  (kan ji ) . 

3)  Copying  short  and  long  sentences:  short  sentences  of 
forteen  characters  in  length  and  long  sentences  of  175  characters. 

4)  Copying  figures:  subjects  drew  a  picture  of  a  house. 

5)  Level  of  activity:  the  subjects  strolled  freely  about 
the  hospital  in  their  free  time.  The  distance  that  they  walked 
each  day  was  calculated  by  marking  the  route  they  walked  on  a  rough 
plan  of  the  hospital. 

6)  Subjective  evaluation  of  feelings  of  strangeness  because 
of  the  glasses:  a)  oscillation  in  the  visual  field;  b)  feelings 
about  the  reality  of  the  outside  world;  c)  feelings  of  dizziness 
after  removing  the  glasses;  these  were  given  a  rating  of  0  to  5 
every  day. 

Results 

1)  Cutting  Circles  (Figure  1) 

The  task  of  cutting  out  circles  6cm  in  diameter  is  usually 
done  in  one  continuous  motion  while  turning  the  paper.  But  using 
the  scissors  with  the  prism  glasses  is  extremely  difficult.  First, 
it  is  a  problem  to  bring  the  scissors  to  the  right  place  on  the 
paper.  Next,  to  determine  the  direction  to  use  the  scissors 
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they  moved  Che  scissors  over  Che  paper,  buC  wich  Che  visual 
guide  Chey  ended  up  confused.  Figure  1  shows  Che  Cime  required 
for  Chis  Cask.  Cut,  as  shown  by  C,  alChough  ic  is  a  Cask  ChaC 
usually  requires  abouC  23  seconds,  in  Che  siCuaCion  where  Che 
glasses  were  firsc  puC  on  1C  required  more  Chan  200  seconds 
and  Che  circles  were  rough  and  irregular.  (P:  a  CesC  of  boch 
subjecCs  before  Che  experimenc  began.)  On  Day  1  afCer  Che  sub- 
jecCs  had  goCCen  used  Co  Che  glasses  for  several  hours,  Che  Cask 
Cook  more  Chan  100  seconds  and  Che  cuC-ouCs  were  rough.  BuC  on 
Day  2  Che  Cime  was  reduced  Co  abouC  50  seconds  ( comparaCively 
Cwo  Cimes  normal)  and  Chey  were  able  Co  cuC  in  one  mocion  wiChouC 
changing  Cheir  grip  on  Che  scissors.  After  this,  Che  time  required 
gradually  approached  normal.  This  shows  that  for  a  task  using 
scissors  that  is  basically  a  comparatively  simple  case  of  hand- 
eye  coordination  like  cutting  circles,  the  subjects  will  become 
adapted  and  able  to  perform  the  task  after  wearing  the  glasses 
for  one  to  two  days. 

2)  Copying  Words  (Figure  2) 

This  test  was  conducted  on  Day  3  and  Day  6.  The  subjects 

were  asked  Co  write  the  five  hiragana  (phonetic,  cursive  characters )j 

i 

and  kanji  (Chinese  characters)  words  shown  below  Figure  2.  These 
tasks  usually  require  16  and  27  seconds  respectively,  but  on 
Day  2  the  hiragana  words  took  more  than  100  seconds  and  more  than 
60  seconds  on  Day  6.  The  kanji  words  took  more  than  180  seconds 
on  Day  3  and  more  than  130  seconds  on  Day  6.  For  the  kanji  task 
on  Day  3,  there  was  a  great  difference  between  the  two  subjects/266 


DISTRIBUTION  LIST 


DISTRIBUTION  DIRECT  TO  RECIPIENT 


ORGANIZATION 

MICROFICHE 

A205  DMAHTC 

1 

A210  OMAAC 

1 

B344  DIA/RTS-2C 

9 

C043  USAMIIA 

1 

C500  TRADOC 

1 

C509  BALLISTIC  RES  LAB 

1 

C510  R&T  LABS/AVRADCCM 

1 

C513  ARRADCOM 

1 

C535  AVRADCOM/TSARCCM 

1 

C539  TRASANA 

1 

C591  FSTC 

4 

C619  MIA  REDSTONE 

1 

D008  NISC 

1 

E053  HQ  USAF/INCT 

1 

E403  AFSC/INA 

1 

E404  AEDC/DOF 

1 

E408  AFWL 

1 

E410  AD/IND 

1 

E429  SD/IND 

1 

P005  DOE/ISA/ DDI 

1 

P050  CIA/ OCR/ ADD/ SD 

2 

AFIT/LDE 

FTD 

1 

CON 

1 

NIA/PHS 

1 

NIIS 

2 

LLNL/Code  L-389 

1 

NASA/NST-44 

1 

NSA/1213/TDL 

2 

FTD-ID(RS)T-1827-82 


This  seemed  to  be  related  to  the  attitude  that  the  subjects 
had  about  copying. 

In  the  case  of  copying,  for  hiragana  and  simple  kanjl 
a  visual  guide  is  not  necessary  to  write  the  character.  On  the 
other  hand,  for  complex  characters,  to  correctly  place  the  left 
and  right  sides  of  the  character  a  visual  guide  is  necessary. 

When  the  subjects  tried  to  write  hiragana  or  simple  kan ji 
accurately  with  a  visual  guide,  the  prism  glasses  ended  up  being 
a  hinderance.  For  copying,  the  differences  in  the  time  required 
to  copy  the  sentences  by  the  subjects  appears  to  result  from  a 
difference  in  attitude  that  depends  on  the  visual  guide. 

3)  Copying  Short  and  Long  Sentences 
a)  Copying  Short  Sentences  (Figure  3) 

Sentences  of  14  characters  that  are  a  combination  of  Chinese 
characters  and  phonetic  characters  can  usually  be  written  in  about 
16  seconds.  This  test  was  conducted  from  Day  2  on.  On  Day  2 
it  required  more  than  120  seconds.  This  test  showed  the  same 
difference  between  the  subjects  that  was  seen  before  in  the  word 
transcribing  test.  In  short,  subject  E.U.  required  50  seconds 
more  time  than  M.T.  did.  However,  this  differences  disappeared 
from  Day  4  on.  That  is,  until  about  Day  3  of  the  experiment  dif¬ 
ferences  in  attitude  between  the  subjects  seemed  to  appear,  but 
after  than  the  differences  disappeared.  On  Day  3  the  time  required 
decreased  to  a  maximum  of  30  seconds  for  both  subjects,  and  it 
now  took  them  only  twice  as  much  time  as  normal. 
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b)  Copying  Long  Sentences  (Figure  4) 

On  the  third  day  using  the  prism  glasses,  because  we  found 


that  the  subjects  could  do  the  copying  fairly  well,  a  test  of 
copying  sentences  that  were  175  characters  long  and  that  contained 
both  Chinese  characters  and  phonetic  characters  was  administered 
from  Day  3  on.  The  copying  of  these  sentences  can  normally  be 
completed  in  about  4  minutes  17  seconds,  but  on  Day  3  it  took 
more  than  17  minutes.  By  Day  7  they  were  able  to  do  it  in  about 
half  the  time,  eight  to  nine  minutes,  but  this  was  still  twice 
as  much  time  as  normal . 

4)  Copying  Figures  (Figure  5) 

The  copying  of  a  simple  line  drawing  of  a  house  can  usually 
be  done  in  less  than  16  seconds.  But  when  done  with  the  prism 
glasses,  the  time  averaged  288  seconds  (N=17)  and  clearly  the 
time  increased.  Also,  the  figure  was  poorly  drawn.  It  took  50 
seconds  on  the  sixth  day  wearing  the  glasses,  40  seconds  on  the 
seventh  day  and  by  then  the  subjects  were  able  to  draw  the  figure 
smoothly.  This  was  still  two  to  three  times  the  amount  of  time 
normally  required.  Figure  5  shows  E.U.'s  drawing  before  the 
experiment  began  and  he  had  experienced  the  glasses,  and  also  his 
drawing  on  Day  7 .  As  can  be  seen  from  the  figures ,  when  not  yet 
adjusted  to  the  glasses,  placing  the  pencil  on  the  right  point  and 
moving  it  in  the  right  direction  take  several  unsteady  attempts. 
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5)  Each  Day's  Level  of  Mobility  (Figure  6) 

As  stated  in  the  Methods  section,  the  distance  the  subjects 
walked  every  day  was  calculated  using  a  map  based  on  the 
subjects'  reports.  C  in  Figure  6  shows  the  average  distance 
that  the  subjects  walked  during  the  six  days  following  the 
experiment.  Generally,  they  walked  1500  meters  daily.  On  Day  1 
of  the  experiment  the  subjects  were  still  not  adapted  to  the 
glasses  and  activity  was  limited.  They  could  barely  leave  the 
room  to  go  to  the  toilet,  and  they  walked  feeling  their  way 
along  the  corridor.  When  they  wore  the  glasses,  not  only  were 
things  seen  upside  down,  but  the  visual  field  was  narrow,  and 
in  order  to  see  where  they  were  going  they  had  to  tilt  their 
heads  very  far  forward.  If  they  move  their  heads,  the  visual 
field  shakes.  The  things  that  they  are  looking  at  are  unstable. 
They  can't  judge  distances.  Because  of  this,  movement  is  restric¬ 
ted.  But  because  we  told  them  to  use  their  time  actively  doing 
such  things  as  walking,  watching  t.v.,  or  reading,  the  subjects 
tried  to  do  these  things. 

On  Day  1  the  subjects  could  barely  go  to  the  gift  shop  to  do 
some  shopping,  but  the  distance  they  walked  increased  as  the  days 
passed.  On  Day  5  the  distance  was  up  to  about  2000  meters,  and 
they  even  walked  more  than  they  usually  did.  When  it  reached  this 
level,  they  had  gotten  used  to  walking  in  the  hallways  and  on  the 
stairs  and  could  move  about  pretty  freely.  Because  they  could 
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go  to  the  place  they  wanted  to;and  because  the  feelings  of 
being  restricted  decreased,  they  said  that  they  could  go  any¬ 
where  that  they  wanted  to.  However,  because  the  visual  field 
is  narrow,  many  times  they  had  to  be  careful  of  things  outside 
of  their  field  of  vision. 

On  Day  6  and  Day  7  the  amount  of  testing  increased  and  they 
had  little  time  for  walking,  so  the  distance  that  the  subjects 
walked  on  those  days  decreased.  On  Day  7  we  observed  the  sub¬ 
jects  riding  a  bike  on  a  course  in  the  ward.  They  could  soon 
manage  it  and  could  do  such  things  as  turn  circles  and  ride 
with  one  hand  easily. 

6)  Changes  Over  Time  in  Feelings  of  Strangeness  (Figure  7) 

As  stated  in  the  Methods  section,  the  amount  of  oscillation 
in  the  visual  field  experienced  while  using  the  glasses,  the 
loss  of  a  sense  of  reality  when  looking  at  things,  and  the  feelings 
of  dizziness  that  occurred  when  the  subjects  took  off  the  glasses 
temporarily  for  meals,  baths,  sleeping,  and  when  taking  tests, 
were  judged  subjectively.  Figure  7  shows  the  ratings  given  daily 
throughout  the  experiment.  The  oscillation  in  the  visual  field 
and  loss  of  a  sense  of  reality  rapidly  decreased  until  Day  3  and 
Day  4  of  the  experiment,  but  continued  somewhat  until  the  last 
day  of  the  experiment.  On  the  other  hand,  the  dizziness  that 
occurred  when  the  glasses  were  removed  increased  strongly.  It 
did  not  simply  increase,  but  the  length  of  time  that  the  dizziness 
lasted  after  taking  off  the  glasses  also  increased.  On  Days  1 
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and  2  it  lasted  for  five  or  ten  minutes  after  taking  off  the 
glasses,  but  by  Days  5  and  6,  even  while  removing  the  glasses, 
not  only  were  they  dizzy,  but  they  experienced  a  loss  of  reality 
like  that  they  had  experienced  when  they  first  put  on  the  glasses. 
The  loss  of  reality  and  dizziness  that  occurred  when  they  moved 
after  they  removed  the  glasses  when  the  experiment  was  over 
were  evaluated  over  time  as  shown  in  the  graph.  These  feelings 
continued  for  three  or  four  days  and  then  returned  to  normal. 

This  effect  was  especially  strong  for  E.U.  Because  of  this, 
the  subject  stated  that  during  that  period  he  couldn't  drive  a 
car.  P  on  the  graph  shows  the  degree  of  dizziness  and  feelings 
of  unreality  when  the  subjects  put  on  the  glasses  briefly  when 
they  came  in  one  week  and  two  weeks  after  the  end  of  the  experi¬ 
ment  to  let  us  make  polygraph  recordings.  But  there  was  little 
oscillation  in  the  visual  field  and  also  only  slight  dizziness 
when  they  took  off  the  glasses.  This  means  that  the  adaptation 
to  the  glasses  continues  for  one  to  two  weeks. 

Considerations 

As  was  mentioned  in  the  Considerations  section  in  our  previous 

publications,  *^18)  the  issue  of  adapting  to  the  inverted  visual 

field  is  roughly  divided  as  follows:  1)  The  visual  field  becomes 

upright.  2)  There  is  no  change  in  vision,  but 

there  is  physical  adaptation  to  the  inverted  visual  field. 
21)23)27) 

The  issue  is  being  debated  from  these  two  sides. 
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Concerning  the  latter  physical  adaptation  theory,  there  are 
various  opinions.  Many  theories  have  been  put  forward,  such 
as  a  reordering  of  the  senses  to  create  unity  between  vision 

lg)  13  j 

and  movement,  rearrangement  of  perceptions  of  the  body, 

12 ) 

and  the  theory  that  emphasizes  the  role  of  a  sense  of  location. 

In  any  case,  dealing  actively  with  the  inverted  world  will  speed 
up  learning.8 )9)10) 11 } 19)29 )21)  Concerning  a  change  in  visual 
perception,  in  our  previous  papers  from  observations  of  change 
in  subjects'  activity  and  reports  of  the  subjects’  experiences 
we  found  that  upright  vision  did  not  occur  even  temporarily 
during  a  week  of  wearing  the  prism  glasses.  Our  findings  con¬ 
tradict  Stratton  28 )  and  Ilalcino .  ^ )  18 ) 

Among  the  research  with  inversing  prism  glasses,  this  report 
deals  with  the  change  over  time  in  the  visual-motor  response, 
the  amount  of  activity,  and  subjective  evaluations  of  feelings 
of  unease.  When  we  analyze  the  results,  for  all  the  tests  there 
are  shortened  performance  times  and  improvement  in  performance 
of  the  tasks  over  time.  For  example,  for  circle  cutting  there 
was  rapid  improvement  within  two  or  three  days  and  performance 
approached  normal. 

As  touched  on  briefly  before,  the  test  scores  of  che  two 
subjects  that  participated  In  this  experiment  show  the  same 
trend,  but  there  were  some  differences.  Overall,  in  the  early 
part  of  the  experiment  E.U.'s  scores  were  worse  that  M.T.'s. 
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But  that  was  only  in  the  beginning.  After  three  or  four  days, 
they  were  both  at  the  same  level.  Figure  8  compares  both  sub¬ 
jects  on  three  tests.  These  differences  show  differences  in 
reaction  to  the  sudden  inversion  of  the  visual  field  between 
the  two  subjects.  Various  factors  may  account  for  this.  The 
authors,  in  a  different  experiment  with  18  subjects,  had  the 
subjects  write  their  ovm  names  while  wearing  the  prism  glasses 
and  then  write  them  with  the! reyes  closed.  The  results  were 
that  when  wearing  the  glasses  the  average  time  was  220.7  seconds 
(greatest,  485  seconds;  least,  36  seconds),  when  the  subjects' 
eyes  were  shut  the  average  was  43.3  seconds  (greatest,  64  seconds; 
least,  23  seconds).  This  shows  that  it  is  faster  to  write  one's 
own  name  with  the  eyes  shut,  and  of  course  it  shows  that  with 
the  glasses  visual  control  in  disturbed.  Also,  because  the  range 
of  times  varied  greatly,  individual  differences  in  dealing  with 
the  effects  caused  by  the  glasses  are  shown  to  be  great.  Also, 
perhaps  the  subjects,  when  given  this  kind  of  task,  will  write 
according  to  their  mental  image  instead  of  relying  on  a  visual 
guide.  Actually,  there  are  many  instances  in  the  early  stages 
where  it  was  better  to  move  according  to  a  mental  image  than  to 
use  vision  as  a  guide. 

In  addition,  Figure  8  shows  differences  in  adapting  to  the 

different  tests.  For  simple  tasks  like  circle  cutting,  it 

shows  that  subjects  progress  within  a  week  to  the  point  that 

they  are  no  different  from  the  control.  But  for  copying  sentences, 

/270 


39 


they  only  reach  the  level  of  two  times  the  control,  and  if 
copying  only  Chinese  characters  they  improve  to  the  point  where 
they  require  four  to  five  times  the  normal  amount  of  time. 

Thus,  the  degree  of  difficulty  of  the  test  seems  to  be, f or  any 
test,  the  extent  to  which  the  subjects  use  the  visual  guide  or 
not.  No  matter  how  long  the  experiment  continues,  the  question 
remains  whether  the  subjects  can  adjust  completely  or  not. 

According  to  the  sujects'  reports  of  their  experiences,  in 
the  early  stages  of  wearing  the  glasses,  other  than  the  visual 
field  seeming  upside  down,  the  entire  visual  field  was  narrow 
and  the  things  that  they  could  see  shook  when  they  moved  their 
heads.  When  they  tried  to  look  up  or  down,  and  when  they  tilted 
their  heads  in  that  direction  the  things  that  they  could  see 
disappeared  from  the  visual  field.  To  bring  their  objective 
into  view  was  very  difficult.  At  the  same  time,  things  seemed 
unfamiliar  and  unreal.  The  movement  in  the  visual  field  and 
the  sense  of  unreality  are  often  considered  from  the  point  of 
view  of  a  lack  o£  normal,  undisturbed  perception. ^ ^ 

Because  of  these  feelings  of  strangeness  the  subjects  are  always 
very  tense,  there  is  no  time  to  be  aware  of  small  visual  details, 
so  they  could  not  easily  catch  changes  in  people's  expressions 
and  so  forth.  The  subjects  got  very  tired  when  they  had  worn 
the  glasses  for  a  long  time,  their  heads  felt  heavy,  and  dizzi¬ 
ness  also  occurred.  However,  these  feelings  of  unease  were  only 
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severe  for  the  first  two  to  three  days  and  decreased  after  that. 
When  they  had  become  adjusted  to  the  glasses,  by  contrast,  they 
began  to  feel  strange  when  they  took  them  off.  This  relation¬ 
ship  was  shown  by  the  evaluations  of  their  experiences  and  changes 
in  their  level  of  activity.  Because  feelings  of  unease  occurred 
when  they  took  the  glasses  off; as  the  last  day  of  the  experiment 
approached  they  preferred  to  wear  the  glasses. 

When  the  one  week  experiment  ended,  the  subjects  were 
liberated  from  the  heavy  prism  glasses,  but  again  for  two  or 
three  days  they  had  feelings  of  strangeness.  These  were  fairly 
mild,  but  it  was  similar  to  when  they  had  first  put  on  the  glasses. 
After  that  their  vision  returned  to  normal,  but  when  we  later 
tried  to  test  them  with  the  glasses  we  found  that  they  adapted 
very  quickly. 

The  problem  of  adapting  to  the  prism  glasses  is  of  course  a 

sensory  problem.  In  this  experiment  we  offer  data  that  makes 

suggestions  about  recognition  of  the  outside  world,  perception, 

and  motor  learning.  Also,  the  unease  from  dizziness  that  occurs 

when  putting  on  the  glasses  can  be  seen  as  a  problem  of  eye 

movement  and  the  equilibrium  function  of  the  eyes,  or  as  a 

brain  function  from  the  inner  ear  to  the  mid-brain  and  corebellum. 
1)2)4)5)22) 

Moreover,  when  inverted  vision  is  used  as  a  stimulus, 
the  individual  response  to  that  stimulus  can  be  thought  of  as  a 
measure  to  judge  individual  attitudes. 
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Summary 

Experiments  were  carried  out  using  inversing  prism  glasses 
for  one  week  with  two  adult  male  subjects  The  results'  of 
various  sensory-motor  tests,  measurements  of  the  level  of  acti¬ 
vity,  and  subjective  evaluations  of  the  subjects'  experiences 
were  reported. 

For  sensory-motor  tests  such  as  circle  cutting,  copying 
sentences  and  copying  figures,  these  could  be  accomplished  fairly 
well  by  Day  3  and  Day  4  of  the  experiment.  This  was  related  to  the 
degree  of  difficulty  of  the  task.  Circle  cutting  could  be  done 
almost  as  well  as  the  control.  For  copying  sentences,  the  sub¬ 
jects  adapted  to  the  extent  that  they  could  do  it  in  two  to 
three  times  the  time  required  by  the  control.  In  the  one  week 
experiment,  even  temporary  upright  vision  was  not  seen.  According 
to  the  subjects'  accounts  of  their  experiences,  they  said  that  they 
could  move  about  freely  and  it  did  not  matter  whether  vision 
was  right  side  up  or  upside  down. 

The  oscillation  in  the  visual  field  and  the  lessening  of 
feelings  of  reality  were  created  by  the  prism  glasses  but  when  they 
continued  to  wear  them,  a  feeling  of  unease  and  temporary  dizzi¬ 
ness  occurred  when  they  took  them  off.  When  we  had  the  subjects 
make  subjective  evaluations  of  these  experiences,  they  said 
that  the  oscillation  in  the  visual  field  and  the  loss  of  a  sense 
of  reality  lessened  as  the  days  passed,  but  at  the  same  time  the 
feelings  of  uneasiness  when  they  took  off  the  glasses  got  stronger 
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and  they  found  that  there  was  this  inverse  relationship.  Also, 
after  the  one  week  experiment  ended,  the  feelings  of  uneasiness 
continued  for  two  to  three  days  and  this  seemed  much  like  when 
they  had  first  worn  the  prism  glasses.  By  measuring  the  subjects' 
level  of  activity,  we  found  that  along  with  the  subjects'  adap¬ 
tation  to  the  glasses,  the  distance  they  walked  increased. 

Differences  in  the  degree  of  adaptation  to  the  prism  glasses 
could  be  seen  between  the  two  subjects.  This  can  be  thought  of 
as  reflecting  differences  in  attitude  related  to  individual 
methods  for  solving  the  problems  created  by  the  inverted  visual 
field. 
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Figure  1:  Circle  Cutting:  C  is  the  control,  P  is  the  result 
at  tha  beginning  of  the  experiment.  The  vertical 
axis  shows  the  time  required,  the  horizontal  shows 
the  day  the  test  was  done. 


Z  T  *»  !*•  V  T  ■  •  #  * 
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Figure  2:  Copying  Words.  This  was  a  test  of  kanji  (Chinese 
characters)  and  hiragana  (phonetic  characters). 
The  words  used  are  shown  below  the  graph. 


Figure  3:  Copying  Short  Sentences.  Next  to  sample  are  shown  E.U 
sentences  for  Day  2 (center,),  and  Day  7  (left).  , 


Figure  4:  Copying  Long  Sentences. 


«*«I.  E.  U.  ■ 

mtm.  m.  t.  □ 


Copying  Figures.  C  is  the  control  (n-8),  P  was  at  the 
time  they  first  put  on  the  glasses  (n-17).  The  center 
figure  was  the  right  was  drawn  by  E.U.  at  P,  the  bottom 
on  Day  7. 
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Figure  6:  Distance  Walked  Each  Day.  C  shows  an  average  daily 
distance  for  the  subjects  calculated  over  a  six  day 


Figure  7:  Subjective  Ratings  of  Feelings  of  Unease,  'indicates 

feelings  of  dizziness  when  glasses  were  removed,  o indicates  ! 
oscillation  in  the  visual  field  at  the  time  the  glasses  j 
are  put  on.  x  indicates  feelings  of  unreality  when  wearing  i 
glasses.  After  experiment,  •  indicates  periodically  j 
occurring  dizziness,  o feelings  of  unreality.  P  are  times  I 
subjects  came  ip-to  take  polygraph  tests.  /?*<}  i 


Figure  8 
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Shows  the  results  for  both  subjects  on  three  tasks 
compared  to  the  control.  Circle  cutting  (circles), 
copying  Chinese  characters  (triangles),  and  copying 
short  sentences  (squares).  Black  is  E.U.,  white  is 
M.T.  The  vertical  axis  gives  the  subjects'  times 
in  comparison  to  the  control  (for  example,  two  times 
the  control).  P  is  when  they  had  first  put  on  the  glasses. 
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